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PROCEEDINGS OF THE FOR A 
A Seuidied Meeting of the Society was held at 7 p.m. on Wednesday, May 20th, 1959, in 
the meeting room of the Chemical Society, Burlington House, London, yer a vo The Chair 


was taken by the President, Mr. R. C. Chirnside, ¥ 
} The subject of the meeting was “The Determination of Vitamin E; A prodnes Study 
of Quantitative Paper Chromatography and the Development of a Recommended Method | 


of Analysis.” The speakers, all members of the Vitamin-E Panel of the Analytical Methods ~ rus 
a Committee, were A. L. Bacharach, M.A., F.R.L.C.; J. Green, B.Sc., Ph.D., F.R.LC.; P. =" : 
Russell Se., Ph.D., F.R.LC.; R. J. ‘Ward, B.Sc., Ph.D., F.R.LC. 


ve record with regret the deaths of — pera 


Henry Dryerre 


Ad) 
a" 


NORTH OF ENGLAND SECTION 


BAN Ordinary Silane it the Section was held at 2.15 p.m. on on Saturday, Apeil llth, 1959, 


at the City Laboratories, Mount Pleasant, Liverpool. — ? The Chair was taken by the Chairman 
the Section, Dr. J. R. Edisbury. __ 90) to. toga. 
The following paper was presented and | discussed: “The Training of 
by G F. Longman, B.Sc., F.R.LC., and J. W W. Lucas, B.Sc., F.R.IC. 


JomnT Meeting of the Western Section with the Mid- Soutien 
(Royal Institute of Chemistry was held at 7.45 p.m. on “seal April 8th, 1959, at the 
athedral Hotel, Salisbury. The Chair was taken by Mr. P. J. C. Haywood, B.Sc., 


Visual ¢ following paper was presented and discussed: and of 


N Ordinary Meeting of the Section was held at 6.30 p.m. on Thursday, April 9th, 1959, i Pn 2 
n the Mason Theatre, The University, Edmund Street, Birmingham 3. The Chair was oe 


aken by the Chairman of the Section, Dr. S. H. Jenkins, FRLC:, BigtSPe cece 
The paper was Chemistry in Glass Manu- 


if 
rt 
: — 
— 
y 

em, 

| “4 

=) — «(CO 
— 
— 
— 


on Thursday, April il 30th, 1958, of the 
at Boots Pure Drug Co. Ltd., Beeston, Nottingham. The Chair was taken by the Chairman metho 
the Section, Dr. S. H. Jenkins, F.R.LC., F.Inst.S. P. The A 


AN Meeting of the as held at 6.30 


aa following paper was presented and discussed: “Quality Control in a Pharmaceutical The Ji 


The meeting was preceded by a conducted tour of so 

Pure Drug Co. Ltd. and a short film show. + and it: 
fe 
y me 


ae ae A Discussion Meeting of the Group was held at 6.30 oe on Sas April 16th, 1959, 
_ in “The Feathers,’ " Tudor Street, London, E.C.4. The Chair was taken by the Vice-Chairman 
of the Group, Mr. j.s. ‘Simpson, FIMLT. 


_ discussion on “Problems of Recording and Technical Information 
in a Commercial Research Organisation” was by Pamela D. Waterhouse, B.Sc. 
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“i ce SUMMARY OF A PAPER PRESENTED AT A MEETING OF THE SCOTTISH eres his we 

following is a summary of the paper presented by. E.LP. “Mercy, Ph. D., DAC. at the 
Ordinary Meeting of the Scottish Section on Wednesday, March 18th, 1959, i in cat 
first 
for le 


Dr. Epwarp L. P. Mercy reviewed and criticised the systems of analysis of silicate 
_ rocks and similar materials by spectrophotometric, volumetric and flame-photometric 
=a. One such system had been investigated by Mercy (Geochim. Cosmochim. Acta, 
1956, 9, 161), and it was shown that the precision and accuracy obtainable under routine 
ie conditions oe comparable with the ordinary standards expected from inorganic chemical 
ao analysis. In the opinion of the author, all published methods had defects, especially 
in the determination of aluminium, calcium, magnesium and sodium. Current research 
Le was directed towards eliminating such defects and i increasing the accuracy of the methods. 
__ Recent developments, such as the use of hexamine in the separation of the R,O, group 
and the direct titration of aluminium with EDTA in the presence of iron, titanium, 
the Analytical Methods Committee 
ten fourth — of the Analytical Methods Committee of the Society for Analytical 
a = Chemistry gives an account of the progress of work during the _ twelve months ending 


______ During the year the Committee was sorry to lose through resignation both Mr. R. c 
— Chirnside and Dr. J. Haslam after many years’ service as members of the Committee. Their 

<n help and guidance was much appreciated and this opportunity is taken to express to them the 


a5 ‘They are succeeded by Mr. W. T. Elwell and Mr. H. N. Wilson, who joined the Committee 
oe year has been one of continued progress in the activities of the Committee; there 
has been an increase in the number of sub-committees and panels and a marked increase 
in the number of committee meetings, = = j§- 
Work completed—The notable event during the summer was the publication of ““Recom- f All 


A REVIEW OF THE METHODS OF ‘SILICATE ANALYSIS 
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of the. Society por ‘the: Association of B h Chemical } Manufacturers. “Although all th 
methods (between 50 and 60) contained in the book had been published individually in 
. oo cA nalyst during the preceding two years, the book itself has had an immediate success. 
tical The Joint Committee completed the work in a comparatively short time (three and a hal 
3. years altogether), although a considerable amount of practical investigation was entailed, 

_ The Vitamin-E Panel of the Analytical Methods Committee has now completed its work — 
its method for ‘“The Determination of Tocopherols in Oils, Foods and Feeding Stuffs,” 
to be published early in the summer, is the outcome of five years’ collaborative research 
by members of the Panel. An account of the problems encountered and the original work © 
carried out to. resolve them is is 3 to be the ‘Subject of a special meeting of the Society i in May. 
The beginning of the year saw the completion of the research work at Harwell by the ‘ 
Society’s Research Scholar, Mr. T. T. Gorsuch, on the use of radiochemical techniques to e 
Jinvestigate the recovery of trace elements from organic materials. This work was sponsored cs i 
- | by the Analytical Methods Trust Fund in 1956, and Mr. Gorsuch worked in close collaboration _ 


| with the Metallic Impurities in Organic Matter Sub-Committee throughout his investigations. = 

+ His report is to be published in the March issue of The Analyst, but a preview describing i Oy 

‘ION fhis work was given t to a large audience at the Royal Institution last October. nin : 

t the _ Meanwhile, work continues in the existing Sub- Committees of the Analytical Methods — = 
“i Committee and the Panels of the Joint Committee with the Pharmaceutical Society, and it 


nA is satisfactory to report that some of these have already completed part of their original © .# 


‘The Metallic in Organic Matter Sub- Committee extensively revised the method _ 
a _ Hor lead (originally published in 1954) and will publish its report in the March issue of The — 
cate Analyst: it has also prepared a report on the uses and handling of perchloric acid, to be pub- 


sins A panel of the Joint Committee with the Pharmaceutical Society, which is investigating _ 


ip methods of assay of crude drugs, has prepared a short report for publication in the April 
issue of the Journal of Pharmacy and Pharmacology on the stability of solutions of rescinnamine ~ : 
and of trimethoxycinnamic acid during exposure to daylight. _ This work arose out of the 
Dia |panel’s investigation into spectrophotometric methods for the assay of rauwolfia, in which — 
rou it was found that exposure to daylight markedly affected the ultra-violet absorption charac- — ra 
eek jteristics of the solutions but did not alter their pharmacological activities. Two other panels - 

fof this Joint Committee have completed the first parts of their programmes, and their reports © 
fare being prepared for publication. One of these, on methods for determining the capsaicin 7. 
content of Capsicum, B.P.C., and some of its products, has already been approved, and 


mica 
cially} 
earch 


[rotenone content of ground lonchocarpus root, is in preparation. 


Other sub-comm mmittees and 
of methods for— 


panels not ‘mentioned above are continuing investigations — 


ra New drojecte-—The value of collaborative investigations by technical sass is being ~~ 


increasingly recognised, as evidenced by requests during the from two 
for the of recommended methods analysis. 


standard methods for the determination of those additives commonly used to ie 7 
j animal and poultry feeding stuffs. Because of the wide interest in the problem, the Analytical — ; 
Methods Committee agreed to undertake the work. A steering Sub-Committee was set up 
there fat the end of 1958, and the task of selecting or preparing suitable methods has been delegated — 1 
ease § to four working panels, whose members are specialists i in the analysis of the particular types _ 
_ fof additives concerned, namely, antibiotics, prophylactics, trace elements and vitamins. © 
com: All the panels have drawn up their programmes of work and have begun collaborative check 
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instance, a new sub-committee has been appointed to investigate methods subse 

determining semi-micro amounts of chlorine in organic compounds, particularly pesticidel that 
| ee : formulations. This work, which has already reached an advanced stage, was undertaken Of the 
ie Bist request of the Association of British Manufacturers of Agricultural Chemicals. 10 wel 
_ cae sub-committee that started work during the year is that on methods for the single 
_ determination of pesticides in foodstuffs. A sub-committee for this purpose was first appointed INcow 
% ern: ia 1954 and published in 1957 its report on ““The Determination of Small Amounts of Organicf 
a _ Chlorine in Solvent Extracts of Vegetable Material.” With the planning of a larger programme 31 to 
' a of work, baving a wider scope than before, the sub-committee has been reconstituted as a is 3 de 


_ Steering committee with power to delegate individual projects to working panels. = 
One of the first tasks of this sub-committee has been the planning of an investigation{ “ 
possible qualitative methods for the biological determination of the presence or absencef 

Of toxic residues in foods. To this end a short preliminary survey is to be made of any§ . 
a information that may be available in British and Continental laboratories, and a grant has oo 
been awarded by the Trustees to Mr. P. H. ‘Needham of Rothamsted 


hal as _ Last year it was reported that agreement had been reached by the Analytical Methods 


nd Committee with the Scientific Sub-Committee on Poisonous Substances used in Agriculture g 
and Food Storage of the Ministry of Agriculture, Fisheries and Food and with the Association “J i: 
ae _ of British Manufacturers of Agricultural Chemicals for the collaborative testing of proposed Zz , 
o methods of analysis of pesticides residues in foodstuffs—the request for such teststo bemadef 
_ by any of - three organisations when a method is deemed to be at a suitable stage off _—, 
_ development. Two methods are at present under test—one for DDT and one for BHC—f_ 
£ each by a separate working Panel composed of members nominated by the three organisations} — ¢ 
i the responsibility for the Analytical Methods Committee’s share in the scheme being assumed = 
by the Pesticides Residues Sub-Committee. 4 
_” Fuller details of the personnel, terms of reference and progress of work of all beliseoan: — 
mittees, joint committees and panels will be found on p. 333. 
Publication of Standard Methods—When the Analytical Methods Committee was re- TE 


organised i in 1955, it was intended that the functions of the secretariat should be two-fold: 
(a) to service and co-ordinate the work of all technical sub-committees and joint committees 
_ with other organisations, and (b) to undertake the editorial work connected with the projected 
r expansion of the “Bibliography of Standard Methods of Analysis” (published in 1951) into 
wd However, the demand made for the preparation of new methods | by. technical c committees 
; does not leave any time for the present secretariat to devote to the collection and editing 
ae a“ existing standard methods. It has, therefore, recently been decided that this editorial 
= 


work is of sufficient importance to merit the appointment of a Publications Secretary un under" 


the direction of a special Publications Sub-Committee. be suit 


As mentioned earlier in this Report, fist full- scale research project by pro 
~ Committee has been successfully completed, namely that by Mr. Gorsuch, at Harwell, em-} sol 
ploying radiochemical techniques, and a second Project has now been started to explore me 
the possibilities of | devising a a rapid biological * oe ‘sorting” test fc for | toxic pesticide residues ust 
oP A third project sponsored by the Committee has been a short-term investigation under 

=. the direction of Dr. H. M. N. H. Irving at Oxford to devise a method for determining traces} by 
of silver in the presence of organic matter. This investigation, which arose out of the work) St 
ce the Joint Committee with the Association of British Chemical Manufacturers during the} 
preparation of methods for the analysis of trade effluents, has been completed, and a i sl 


j 


ANALYTICAL METHODS TRUST FUND— mic dqory 
pee _ _ The first three years of the Committee’s existence as a financially independent unit off 
the act was a last year, ant the Trustees made a Tenewed appeal to the original 
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MS 
— 
ag 
hee 
x 
| 


REPORT (OF THE METEORS 1958 


ubaaliane to the Trust Fund for a continuation of their  aiilaiiee. The result was 
that 45 industrial organisations gave donations for 1958, the total received being £5304. 
Of these, 18 gave promises of annual sums for periods varying from three to seven years, 
10 were already under contract by Deeds of Covenant for a period of seven years and 17 eds 
‘The audited statement of accounts (see Appendix I) for the financial year ending October 4 
3lst, 1958, shows an expenditure of £4086 and a total income of £6026. The expenditure — 
is a decrease of £688 on that for 1957, which included capital expenditure on office equipment — 
as a result of the move to permanent offices ; as well as the second year’s scholarship grant. q 


. 2 It is estimated that the expenditure | for 1959 will be considerably higher owing to 
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© Garratt, Ph.D., D.Sc., F.R.LC. 


Pure Co. Ltd. 


dosed A. J. Amos, BSc., Ph.D., 
made Hamence, M. Se., Ph. -D. Public Official p Analyst and 

tions, Regan, B. Sc., REC. Formerly Chemist-in-Chief, London County Coun- 


. E. Stuckey, Ph.D., D. Sc., FPS. R.I. British Drug Houses lid. - 
Williams tS Ministry of Agriculture, Fish vies es and Food 


amed 


| of additives stimulants and in animal and tinge 

mentioned earlier in this Report (p. 331), this Sub- “was appointed in 
October, 1958, as a result of a request from the Scientific Sub-Committee of the Ministry 3 
of Agriculture, Fisheries and Food for information on the existence of suitable methods re 

for determining the amounts in animal and — feeding stuffs of those substances normally — 
The Sub-Committee itself acts in a steering capacity, and the work of investigating ‘the 
suitability of existing methods, or of devising new methods if necessary, has been on al a 
, to various working panels. Four of these panels have so far been appointed and they are # 
| already engaged in a programme of collaborative tests of proposed methods for antibiotics, _ 
prophylactics and vitamins (sub-divided into two panels for the fat-soluble and the water- _ 
| soluble types, respectively). These check tests are necessary to determine the validity of ll 


methods when applied to ‘such complex materials as as feeding stuffs, since the additives are 
usually present at very low concentrations and the presence of other additives as well a 
the normal constituents of the feed may interfere with the determinations. ee 
_ Methods for the determination of mineral additives are already under investigatio ae 
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ves! Price, B. Se., F. R. I. This Vitamins Lid. 


D.I: FR. R. I Cc. Pine: Ministry. of Agriculture, 
National Agricultural Advisory Service 
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iss J. Stephens, B.Sc. Distillers Co. Ltd. — 


Chemical and microbiological methods (depending on the the feed) for the 
= following antibiotics, permitted by law in the United Kingdom, | are eee ‘examined 


in reomycin; oxytetracycline “Terram cin’ 


Brown, M.A., B.Sc., A.R.I. C j= The Cooper Technical 
Dickinson, B.Sc., Ph.D. Ward, Blenkinsop & Co. Lid. 
A. Holbrook, F. -R.I. fhe. tes Imperial Chemical I ndustries Lid. ‘(Pharma 


G. E. B.Sc., F.R.I.C. tare; Kline & French Laboratories Lid. 


‘ 


Miss A. M. Parry (Secretary) 


PROGRAMME OF “WORK— Ager 


itrofurazone 
Nitrophenide_ 


C. R. Louden, B.Sc., F.R.I.C. Sileock ‘Sons 
S. Reed, B.Sc., The British Cod Liver Oil Co. 
K. L. Smith, M. BS Boots Pure Drug Co. Lid. 
G. Walley, B.Sc., F.R.I.C. Unilever Lid. 
Williams, BSc., Ph.D., F.R.I fig Potton: to | 
D. R. Wraige, BSc,ARIC & H. Robinson Lid. 
PROGRAMME OF OF WORK— tis teary 
Chemical methods for vitamin A and for carotene are being 
; 


4 


Gibbs, B.Sc., ARLC. 


§. A. Price, B.Sc., Vitamins Lid. 
H. Pritchard, M.Sc., F.R.I Analytical and 


Glaxo Lid 
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w 
methods for the following are e 
itamins B,, (cyanocobalamins and derivatives) ; nicotinic acid (and derivatives) ; pantothen: 
acid; vitamin B, (pyridoxine); and choline, ‘ 


_ Vitamin E (particularly «-tocopherol), » which is also added to feeds, has ibiendy been 
investigated by a panel of the Analytical Methods Committee, and a comprehensive report — 
on its determination, involving the use of paper ay. asa quantitative chemical 


procedure, is to be ublished shortl see also p. 338 
CHLORINE IN ORGANIC COMPOUNDS, suB- 


oefals. 
R. Belcher, Ph.D., D.Sc. 
J. = Chemical ‘Ltd. 


_K. Gardner, B.Sc., ERIC igi Fisons Pest Control Lid. 
A. M. G. Macdonald, , Ph.D., A.R. L Cc. University of Birmingha 


TERMS OF REFERENCE—“To prepare methods for the determination of ney tot a 4 


= = 


july, 1958, as a result of a request by the Association of British Manufacturers of spit “ 4 
hemicals for a method for organically-bound chlorine. Although theimmediaterequirement == 
for such a method is in connection with the analysis of pesticides, the selection of a  - 


of materials having chlorine contents ranging from 1 to 65 per ‘cent. are being: tested - 
ollaboratively on the semi-micro scale by an oxygen combustion method. = 
Ww. Ferguson, B.Sc., Ph.D., F.R.I. and Consulting Chemist 
. M. Bailey, B.Sc., F.P.S., F.R.LC. ag J. Bush & Co. 


. McGregor, B. Sc., A.H.-W.C., F.R Department of the Government Chemist __ 
. L. Parkinson, B. 'Se., Ph.D., F.R.1.C Beecham Food Products Research 
. H. Se M‘Sc., F.RIC._ Yardley & Co. Lid. 
Smith, B.Sc., F.R.L.C. ‘Stafford Allen & Sons 
. G. E. Stevens, B. Smith Kline & French Laboratories es Lid. 


“a 
D. Sully, B.Sc., Ph. D. F.R. Boake, Roberts & Co. Lid. 


The Sub-Committee is engaged in the re-examination of the older chemical 2 
for the analysis of essential oils in the light of modern techniques, particularly gas - liquid 
and infra-red the By means of the former, the chemical reactions 


ry 


heck the purity of the standards. . This of investigntigh is being applied to the study 

of the Fiore and Glichitch methods for the determination of linalol, and also to the hot er 
ormylation method for the determination of citronellol in oils. 
_ Alternative methods are being sought for the determination of phenols, since the present : 
alkali absorption method is not specific. The efficiency of various drying agents for essential 
oils is being investigated. The Sub-Committee is also looking at — for the deter- 


ination of the non-volatile residue. 
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‘REPORT OF ANALYTICAL “METHODS 


Close liaison is being with “the thd PROGR 
British Standards Institution, particularly i in connection with the investigation of methods a & Oo 


+ present under discussion by the relevant committee of the International Organisation fog... org: 


MEAT PRODUCTS SUB-COMMITTEE be pal 
Crosse & Blackwell Ltd. 
Miss E. M. ‘Chatt, B. Sc., F. R.LC. British Food Manufacturing Resear sti 
R. Fraser, B.Sc., A.C.G. F. C., F.R.I. ‘Department of the Government Chemist 
A. Lawrie, B. Sc., Ph.D., A. R. Low Temperature Research Station 


"WR He TERMS OF REFERENCE—‘‘(a) The determination of the —_ ‘content of products containing 
meat; (b) the determination of the constituents of meat and meat products. 


“Se ‘Nore—The ‘meat products’ to include hydrolysed ‘protein and, ‘if found 


‘ae ae The Sub-Committee has continued its collection of ‘data on the nitrogen contents 0 
2 various cuts of the different types of meat used in the manufacture of meat products, with 
_ @ view to re-assessing the present values for nitrogen factors. This re-assessment has been 

_ considered necessary because it has long been thought that the factors recommended by 

% - Stubbs and More (based on the evidence to hand at that time) are no longer realistic. I: 
a an endeavour to collect as many data as possible, an appeal for information has been mad 

15 a to a number of European meat research organisations as well as to a number of manufacturer 

: ai Sub-Committee now considers that it has sufficient data for pork and is endeavouring 

2 _ to obtain more information on beef; it is hoped to be able to publish an interim report on the 


= 


findings before long. — for ‘turkey and chicken meats are to be considered next. — 
METALLIC 1 IMPURITIES IN ORGANIC MATTER SUB- COMMITTEE 


L. Brealey, B.Sc. 
Miss E. M. Chatt, B. Se., R.L.C.tt British Food Mavufacturing I ndustries Resear 
C. Gage, B.Sc., Phil D., R.1.C. _ Imperial Chemical Indutivies ‘Lita. (Industria 
T. T. Gorsuch, B.Sc, ARLCf ‘U.K. “Atomic Energy ‘Radi 


facIn MB., University of London (Post- Greduate Medic 


McLachlan, D. M., ACG. F. .C., MLBiol, Public Analyst ba 


F. Milton, B.Sc., Ph.D., M.I.Biol., F.R.I.C, Analytical and Consulting Biochemist oz. 


Cc. 


organic matter.” 
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ods af Owing to pressure of work, Mr. T. McLachlan, Chairmen of the SehConmnitios since its 4 
saa § re-organisation in 1955, resigned from the Chair in July, and Mr. W. C. Johnson was appointed — 
iat ‘ ” his place; Mr. McLachlan will continue to serve as a member of the Sub-Committee. __ 
Method for lead—The Report on the determination of lead has been completed and will *s 
4 published in the March issue of The Analyst. 
_ Method for arsenic—Final tests are being carried out by the : molybdenum-blue 
e for arsenic and publication of the Report is expected duting the coming year, 
Destruction of organic matter—Work is proceeding on: the collection of methods for the 
all jdestruction of organic matter, both by wet and by dry combustion. — _ This will be — ; 
as a separate document to which reference will be made in subsequent reports on the deter ‘ies 
al Preliminary made of for the determination of copper 
ER SUB- “COMMITTEE 
D. Wilson, M. = ‘Sir John pa Coles of 


W. Baker, BSc., “Wellcome Research Laboratories 
Miss B. B. Bauminger, Dunlop Research Centre 
W. T. Chambers, B.Sc., ‘ Pvbrt stony British Rubber Producers’ Research Association a 
F. Ellington, B. Se., A. R. Cc. S., F. R.LC. National Coal Board, Research Establish a 
. Mendoza, B.Sc., A.R.C. vite ‘British Coal Utilisation Rese a 
. Oliver Parke, Davis & Co. Lid. 
alley, B.Sc., F.R.1.C. bs sons Laporte Chemicals Ltd. 


| 


Miss iss C. H. Tinker (Secretary) at tebtu: Hits ote 
TERMS OF REFERENCE—“To investigate the Unterzaucher method, and ‘its modifications, 


The Sub-Committee is continuing its investigation of the Unterzaucher ied in an 

attempt to unify the procedure, since many small modifications to the original technique 

have been adopted from time to time by the various laboratories. Two series of collaborative gr 

tests have been carried out and, as a result, a third series is being planned to. to investigate of 
fundamental mechanism of the method. = 
AE. Galley, B.Sc., Ph.D., A. C.S., D.LC., Tropical Products ‘Tostitute 

L. Baldit, B.Sc., A.R.I.C. Plant Protection Ltd. 
A. Ellis, O.B.E., M.A., F.R.1.C. Department of the Government Chemist 
C. Gage, B.Sc., Ph. Imperial Chemical Industries Ltd. ( 
. Garratt, Ph.D., D.Sc., F.R.I.C. Boots Pure DrugCo.Lid. 
. Hartley, D. Se. Research Centre of Fisons Pest Control Lid. 


anion for the detection and determination of any such residues or re breakdown - 
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. M. Boden, B.Sc., A.R.LC. | ; bane Ministry of Agriculture, Fisheries and Food, 

. Brealey, B.Sc. Boots Pure Drug Co.Lid,. 

-G. B.Sc. Inst. Pet. London County Councib 


Public Analyst, Official A gricultural and) 


Consulting Chemist 
A nalytical and Consulting Biochemist | 
M acaulay Institute for Soil Research iy. = 
M of Agriculture, Fisheries and Food, 


Milton, B. ¥ 
. L. Mitchell, BSc., .D. 
B. E. Patterson, M. Se., ] 


a 
Res OF REFERENCE—“To devise eitenieis methods of analysis (to be recommended | 
for inclusion in the Regulations under the Fertilisers and Feeding | Stuffs Act, 1926) for the 
determination of boron, cobalt, copper, fluorine, iodine, iron, magnesium, manganese, 
Molybdenum, selenium end sine zinc, can be to 


PROGRESS OF WORK— ben fumebt that he fee 


rare As a result of a number of collaborative tests during the year, methods for the end- 


determination of 10 of the 11 elements mentioned above have been tentatively adopted. All 


of these are based on published methods, but modifications have been found necessary to | 
cater for the various of materials usually encountered i in practice. Methods for | 


be 


 -tIn addition to the 11 elements included in the terms of RES, it was decided oe prepare 

- methods for chromium and nickel, since these metals are likely to be present in sewage 

= used as fertilisers: methods have been tentatively adopted. 
s findings. However, 
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TERMS ¢ oF ‘REFERENCE— To survey the methods already estimation of 
Procite OF WORK 


OF THE PS. -S.A.C. JOINT COMMITTEE 
METHODS OF ASSAY OF CRUDE DRUGS 
-Representin, the Pharmaceutical Society o, Great Britain— re 
P y ; 
K. R. Capper, Ph.D., B.Pharm., F.P.S., D.1.C._ Ph ceutical Society of Great B: Britain 
it J. W. Fairbairn, B.Sc., Ph. D., F.PS., F.LS., "University of London (School of 


E. Stuckey, Ph. Sc., F.P.S., F.R.L.C. British Drug Houses Ltd. 


TE 
. Johnson, B.Sc., B.Pharm., F.P.S. ARL Boots Pure Drug Co. Lid. 


H.C. Macfarlane, A.R.T.CS,FRIC. nalytical and Consulting Chemist 


##$D.C. Garratt, Ph.D., D. Sc., F.R.I. c. Chairman of the Analytical Methods 


Mitchell, B. Sc, Ph.D. F.R.IC.. i. Stafford Allen & Sons 


J. Feuell, B.Sc., Ph.D., ARR.I.C. Tropical Products Institute tie 
Miss C. H. Tinker, B. Sc., Ph.D., A. R.I. ‘Secretary to the Analytical Methods Committee 
Miss A. M. Parry, B.Sc. ssistant Secretary to ‘the Ana ytical 
TERMS OF REFERENCE—“ ‘To os — methods of assay of crude drugs an and kindred — 


_ The Main Committee, set up in 1956, si as a steering sltalien and the work of 
preparing methods of assay is delegated to working panels. The progress of of work i ine each of . 7 
the five panels in being at present is reported below. 


When the Joint Committee was appointed, a lengthy programme of work was planned 
and, when opportunity permits, further panels will be appointed. ee 

Professor H. Brindle, M.Sc., F.P.S., F.R Lc. imeritus Professor #3 Pharmacy 

(Chairman) 


Foster, B. R.L.C. 
G. J. Rigby, M.Sc., ip.Bact. Py 


Pharmacy, University of 


Professor J. P. Todd, Ph.D., F.P.S., F.R.L.C. Royal College of Science and Technology , Glas, asgo 
D. Williams, B.Pharm., Ph.D., F.P.S., Royal College of Science and 


ng OF REFERENCE— 


preparations and to to attempt to prec them with the biological method of assay.” 


The Panel is continuing its laventigntions into chemical methods of assay of the a 
in digitalis, with a view to a between the results obtained 
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+e Che? 
H. B. Heath, M.B. B. Pharm., & Sons 


E. A. Elsbury, F.R.I. ax Parke, Davis & Co. Ltd 


Miss B. M. Luckett nee J. Bush & Co. Lid. 


_C. A. MacDonald, B. Sc., F.R.I at Evans Medical Supplies Lid. 
G. R. A. Short, F.P.S. J. Bush & Co. Lid. 
Singleton, B.Sc. Beecham Maclean Lid. 


e TERMS OF REFERENCE—“To investigate methods of assay of capsicum and capsicum products 
_ with particular reference to the determination of tae saicin content.” paige 
The Panel has now completed its into the determination of 
_ capsaicin in Capsicum, B.P.C., and in the oleoresin, tincture and ointment ‘specified in the 
va B.P.C., and has prepared a report, which will shortly be published. 
ay eae The recommended methods include details of the preliminary treatment of the various | 
samples, of two extraction procedures, one chromatographic and the other an ether - alkali solv 
_ partition extraction, and of three methods for the determination of capsaicin. Of these, § in 1 
‘ a spectrophotometric method, in which the difference in | absorption characteristics of capsaicin} Ma: 
jin acid and in alkaline solutions is utilised, gives the most reproducible results. The other f a 
two methods are a direct spectrophotometric procedure and a colorimetric method based on ‘Lite 
_the coupling reaction between diazobenzenesulphonic acid and capsaicin. 
oe — Worki is proceeding on other official preparations, on the assessment of synthetic c capsaicins } 
i and on formulated products of capsicum. The Panel will later turn its attention to paprika 
_W. Mitchell, B.Sc., Ph. D., F.R.1.C. Allen & Sons Lid. 


. W. Fairbairn, B.Sc., Ph.D., F.P.S., F.LS. ia University of London (School of Pharmacy) 


C. A. Johnson, B.Sc., B.Pharm., F.P.S., A.R.I. Boots Pure Drug Co. 
§.C. Jolly, B.Sc., B.Pharm., F. P.S., A.R.L Pharmaceutical Society of Great Britain 
H. A. Ryan, B.Sc., F.R.L.C. Westminster Laboratories Lid. 
Smith, B.Sc., F.R.ILC. Allen & Hanburys Lid. 
Swann, BSe., F.RLC. Allen & Hanburys Ltd. 
‘TERMS OF REFERENCE—“To. investigate methods for estimating the purgative activity of 
drugs and preparations of drugs containing anthraquinone with a view tof 7, 


+ 


tte On taking up an appointment overseas, Dr. J. M. Rowson resigned from the ‘Chair and 
was succeeded by Dr. W. Mitchell. 


____ After exploratory work on the “comparison between - the activity | of Alexandrian and co 
ee senna Leo determined by biological assay, and their sennoside contents, found § 1 


Boots Pure Co, Lid. 


Davies, B.Sc 
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June, 1950) 


J. Lewis, M.Sc., F.P.S ‘University of Glasgow (Department of Mat 
A. W. Peacock, B.Pharm., F.P.S. ROTO Riker Laboratories Lid 
_ TERMS OF REFERENCE—‘ ‘To investigate methods of assay for rauwolfia and its pr page 
with particular regard to the content of reserpine and related alkaloids.” Soe ie. obs 


ER 
Panel has inves Rauwolfia serpentina, 
based on published work. The first, a colorimetric eiodaitare for the determination of reserpine be 
and related alkaloids, shows promise, and good replication within a single laboratory can be an. 
obtained; however, some further modification to the method is still required to reduce a 
certain amount of inter-laboratory variation. It is hoped that a report recommending a M9: 
method of assay will be published shortly. The second procedure, based on the ultra-violet — ry 7 
absorption characteristics of trimethoxybenzoic acid and trimethoxycinnamic acid, has been — i 
abandoned, since it has been shown that the latter acid is subject to rapid change when its 7 
solutions are exposed to daylight. A paper giving details of this work is being published © 
in the ‘April issue of the Journal of Pharmacy and Phamacology under the authority of the 


| The Panel is grateful to Messrs. CIBA Ltd., and Messrs. Riker Laboratories 
Ltd., for their continued gifts of alkaloids and raw ee 


R. F . Phipers, B. The Cooper Technica 
A. Dawson, B. Sc., A.R.I. Cc. Tropical Products Institute 
_ W. E. Drinkwater, F. R.L.C. Boots Pure Drug Co. Lid. 
. V. Foster, M.Sc., A.R =e The Cooper Technical Bureau 
. Jolly, B.Sc., | 


AO 


Pharmaceutical Society of Great ie > 
. T. Martin, B.Sc., D.Sc., F. ; Th University of Bristol (Long Ashton Research 
. Rabnott Analytical and Consulting Chemist 
. Richmond, BSc. University of Bristol (Long Ashton Research 


TERMS OF REFERENCE—‘‘To iuventignte m of assay of their 


preparations, with particular reference to the determination of ‘their rotenone content.” 

PROGRESS OF WORK— 


Since its formation in . July, 1957, the Panel has conn’ out a considerable amount of 
collaborative work on investigations into a chemical method for the determination of rotenone “a 
in ground lonchocarpus root, and a report on the recommended method is now being prepared a 
for publication. It was realised that rotenone is not the only constituent of lonchocarpus 
exercising a biological effect, but it was considered desirable to find an acceptable method of me 


Be __ , The method to be recommended is based on that published in the British Veterinary a 
caliis 1953, but a number of modifications have been made, including the introduction of | 


a preliminary alkali-washing procedure for the removal of phenolic and emulsifying con-— 
stituents » which greatly facilitates the crystallisation of the ee ee 


Work is now proceeding on methods for the determination of rotenone in formulated — 


products used for pest control, and eventually the Panel hopes to examine methods of “ecole 


that will vill estimate the insecticidal value of all the ey ee materials present. _ ae 
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289 Telephone 10 Interest from Investments (gross).. 
2630 Salaries .. 28 Deposit Ini Interest 622 


10,854 Balance to Balance Sheet ent, 13, 9690 Balance at October Bist, 1957 . 10, 
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10,854 Balance at October Bist, 1958 £100 Ceylon Govern- 


 Cashat Banks: ‘4 


Current Account .. 5502) 


Report to the tees of Th The Society for Analytical 1 Chemistry Analytical Methods Trust F ‘und 
iss ae We have examined thefJabove Balance Sheet which in our opinion gives a true me and fair view of the 


f aff f the Trust t 31st Octobe 1958. 


Lincoln’sInn, 
LONDON, W.c.2. Gh 
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| J. Bibb & Sons Ltd. od in Imperial Chemical Industries 
| A. Boake, Roberts & Co. Ltd. Laporte Chemicals Ltd. 


| Boots Pure Drug Co. Co. Ltd. 


oh tisexe Jj. Lyons & Co.Ltd. 


British Celanese Ltd. Metal Box Company Ltd. five 
| The British Drug Houses Ltd. ‘The Millers’ Mutual Association 
| British Glues & Chemicals Ltd. National Coal Board 
British Oxygen Research & Development Ltd. Peek, Frean&Co.Ltd. 
| Cadbury Brothers Procea Products Ltd. 
Cooper, McDougall & Robertson Ltd. Quaker OatsLtd. 
The Distillers Company Ltd. Rowntree & Co. Ltd. 
Dunlop Research Centre mec “Shell” Research Ltd. aK 
The Electricity Council expres John & E. Sturge Ltd. 
Arthur Guinness, Son & Co. (Park Royal) Vitamins Ltd. 
Hopkin & Williams Ltd. Weston Research Laboratories Ltd. 
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an element is with x. -rays of high energy, 
* secondary, or fluorescence, X-rays are emitted that are characteristic of the 
_ element. Measurement of the intensity and wavelength of fluorescence _ * 
- gadiation is now a well established method of analysis and has been applied — nes 
to the determination of the elements from sodium (11) to uranium (92) in _ i, 
powder, liquid or metal samples. Coefficients of variation of about 1 per 
yf cent. in the concentration range 5 to 100 per cent. and of 5 per cent. in the A ee 
0-1 to 1 per cent. range can usually be obtained, and, in favourable instances, _ tel 
_ determinations at the parts per million level can be made. The method is — b ‘ops 
rapid, independent of the chemical combination of the element and non-_ ae 
_ destructive in the sense that the specimen examined is not destroyed, although mad ate a 


‘THE origin and of X-ray spectra are well known; the features of 


importance to X-ray spectrometry may be summarised as follows. 
__ When a stream of electrons is stopped by the target of an X-ray tube, part of the primary 
xX radiation emitted is in the form of a continuous spectrum covering a broad wavelength 


‘Tange Fig. 1).1 The kinetic energy of the incident electrons is successive 


Relative intensity 


ay. 


ig. 1. in the ‘spectral 
tribution of tungsten continuous radia- _ 
tion with tube voltage!: curve A, 20 kV; 
curve B, 25 kV; curveC, 30kV; curve D, 
kV; curve E, 40 kV; curve F, k 
pres a) ‘ 


abruptly on the short-wavelength : side and this limiting 1 
tion i is emitted when an electron loses all its in | a single collision. The of 
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the e spectral 1 li mit, om adeeb to the oastnintde voltage a applie 


| the kinetic energy « y of the electrons, by the equation— Ye elit 


d to ny ray 


yf where V is the X- -ray tube voltage, ¢ i is the charge on the electron, h is Planck’s constant, 5 


c is the velocity of light and A,y,. is the wavelength of the spectral limit, = Ne ta 


_ An increase in tube voltage results in an increase in the total energy emitted and a move- _ 
ment of the spectral distribution towards shorter wavelengths; the total energy emitted also 
| increases with increasing atomic number of the target material. 


yj siThe primary characteristic spectrum is made up of radiations, or lines, that have discrete : 
| wavelengths and is obtained in addition to, and superimposed on, the continuum when the iy 
_ || incident electrons have sufficient energy to eject an electron from one of the inner shells of a — 
| target atom. The resulting ionised atom regains stability by successive electron transitions _ 
from states of higher to lower energy, and the energy released by each transition appears as a ia : 
spectral line having a frequency Spee on the difference in energy of the electron in the __ 
_ K-series lines are obtained when a K electron is ejected and arise by electron transitions — 
from outer shells to the K shell. T! The L electrons are grouped according to their binding — 
energy into three sub-shells, L,, Ly and Ly, and each sub-shell has an associated spectral — 
| series. The complete M spectrum is made up of five series corresponding to the five sub- shells. 
__ The relative simplicity of characteristic X-ray spectra is explained by the limited number 
od energy levels in the atom, together with certain prohibited transitions. From Fig. 2 
which shows the permitted transitions between energy levels in a uranium atom, it is cn 
that the complexity of a complete spectral series depends on the number of energy levels in 
the main shell and therefore increases in the order K->L-—>M. As the atomic number > 


decreases, the outer shells disappear and characteristic spectrum 
The frequency, v, of a line toa rh series varies with 


where K is a proportionality constant and o is another constant, vals of wi which 
__ The characteristic X- -ray spectrum of an element can also be excited by X-rays if thi 
primary X-radiation is sufficiently energetic to ionise an inner shell. The energy needed to a 
eject an electron completely from the atom is greater than that liberated as secondary X- 
radiation by an electron transition from the outermost shell to the ionised shell. Since this 
transition gives rise to the line of highest frequency in the series, it follows that allthe emitted __ 
lines will be of lower frequency, or longer wavelength, than that of the absorbed radiation. _ 
phenomenon is therefore termed fluorescence. 
a ‘Ifthe wavelength of X-radiation incident on an element is gradually decreased, the X-ray | 
_ photons become progressively more energetic until, at a certain wavelength, they ate able to 


_ionise one of the inner shells and produce the characteristic lines of a spectral series. At this 4 


critical wavelength there is a sharp rise (the absorption edge) in the absorption of X-radiation 
_ by the element. There is one absorption edge associated with e each energy level, and, as the © 
wavelength of the incident radiation is decreased, there is successive ionisation of the My to My, — oe 
Lin, Lu, L, and, finally, the K shell, with the appearance of lines of the corresponding spectral les tial x 
Series (see Fig. 3).2 The wavelengths of some spectral lines and absorption edges of several - 
___ A spectral series will be excited by primary continuous radiation only when t e wave- 
! length limit, Amin, equation (1), is shorter than the absorption edge of the series. Since 4 
Amin, | depends on the voltage applied to the X-ray tube, there is a critical excitation potential 
below which the lines of a spectral series will not be excited by primary radiation. a 
critical value can be calculated for any : series by substituting the the appropriate ab absorptior n-edge ed 
The critical excitation potential for any given series increases $ progressively with atomic 
number. _ The K-series lines of sodium (11) and uranium (92) appear at critical potentials eS 


07 AM kV, respectively ; uranium L lines appear at 21-7 kV. Xray tubes 
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In 1908, Barkla and Sadler® showed that secondary X-rays, which had a constant co- 

efficient of absorption and were therefore termed ‘ 
element was bombarded with a beam of primary rays. 


“homogeneous,” 


___ Friedrich, Knipping and Laue* demonstrated that a crystal « con ac 


is 


diffraction of X-rays, and W. L. ae" 


or that such diffraction could be regarded as asa 


were emitted when an 


tasa grating for the 
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FLUORESCENCE ‘ANALYSIS. A REVIEW 
a the electromagnetic from well ulated Jayers of atoms in the c 

agn pop y ry 
& W. H. Bragg used the cleavage face of a rock salt _ crystal to reflect X-rays emitted from the — 
latinum target of an X-ray tube. The crystal was laced on the prism table of a s ctro- 
y ry’ P P pe 


meter and the radiation was detected "ae using an ionisation chamber mounted on the = 


wh 


when equation (3) is satisfied, so a hetero eneous beam of X-rays can be analysed by measuring | ; 

q ys y y 


SOME SPECTRAL LINES "ABSORPTION EDGES OF CERTAIN ELEMENTS 


: These ow have been taken from Compton a and Allison’s Tables* and converted from 
WMA toa by using the factor 100202, 


Magnesium . 


Copper 1-541 1-544 1- 1-380 
41 0746 750 0-666 0-653 
Tungsten .. 74 0-209 0-214 0-184 0179 1- 476 487 1-282 1-099 
Uranium 92 0-127 131 112 0- 107 0-911 0-922 720 0-615 


The next ihine in the dev elopment of X-ray spectrometry was due to Moseley, 8 who — 
investigated the spectra emitted by several elements that, in turn, were used as the target of 
an X-ray tube. The radiation was dispersed by using a crystal of potassium ferrocyanide 
and was recorded on a photographic plate. The relationship he found between the frequency 
_ of a spectral line of a particular series and the atomic number of the element was referred to 
__ The potentialities of X-ray emission spectrometry as an analytical method were evident 
Moseley’s work, and X-ray spectra were later used to elements 
(43), , illinium (61), hafnium (72) and rhenium (75). 
__In order to use primary X-ray spectra for analysis, the specimen must be plated or i. 
smeared on to the target of the X-ray tube. This has several disadvantages: the tube must ~ 7 
be re-evacuated when the sg) specimen is changed; the heating effect of the electron stream may 
cause chemical reaction, selective volatilisation or melting; when photographic recording is — 
- used, weak lines may be difficult to detect because of the blackening effect of the continuous es 
radiation. However, in spite of drawbacks the technique did achieve some success? 
Analysis by using spectra avoids these difficulties because the specimen is 
_ placed outside the X-ray tube and no secondary continuum is obtained. The disadvantage — 
is that fluorescence lines are much weaker than primary lines, and, since photographic record- _ 


ing was almost used in the often necessary. 


escence a an 


result 


useful in routine analysis and for determining ‘closely related elements, for 
ga example, the rare earths, the noble metals, niobium and tantalum, and hafnium and ee 
other methods of analysis are e difficult or time-consuming. 
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- analysis, is based on the instrument made by Philips Electrical Ltd. , The Netherlands, 
and shown in Fig. 4 CCIE mor teibet od? bre 


10 


“Specimen 
Be holder 


collimator \ 


Analysing 


Fig. 5. Diagrammatic arrangement of the plane-crystal X-ray spectrograph tus 


The arrangement for exciting, dispersing and detecting fluorescence radiation is shown 
ime diagrammatically i in Fig. 5. The specimen in the specimen holder is irradiated from below 
ae with an unfiltered beam of primary X-rays, which causes the elements present to emit their 
a, characteristic fluorescence lines. Part of the fluorescence beam is collimated by a Soller 


ve HO wa slit system and directed on to the plane surface of the analysing crystal. The line radiations 


_ are reflected according to Bragg’s law and pass through an auxiliary collimator to the detector, 


me ea where the energy of the X-ray photons is converted into electrical impulses, or “counts.” | 
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‘either hceinetaiaile in a rate meter ‘iat recorded on a strip chart or else ; 


that can be visually observed on decatron scalers. 


ie _ Intensity losses caused by absorption of the longer wavelength, or soft, X-rays by: air 
can be reduced by evacuating the - crystal chamber shown in Fig. 4. Absorption by air can 
be completely avoided by using a vacuum spectrograph, which permits the evacuation of the rs 
entire radiation path. Alternatively, the radiation path can be enclosed in a rubber bag _ 
and the air displaced by helium, which has a low absorption for soft X-rays.’* Because of | Biers es, ’ 


the shortage of helium, vacuum epectsographs are in for investigating radiation 
of longer wavelength (3tolla), = 


Focusing spectrographs that involve “reflection ‘from! and ‘through® 
_curved crystal have been described. Collimators are not required and the increase in intensity 
obtained by focusing the fluorescence lines makes the technique suitable for the analysis of 


small specimens (~1 mg). Plane and curved crystal arrangements have been described by | 


a For qualitative analysis it is usual to make a chart record. The angle, 6, between the ‘© 
“plane surface of the crystal and the incident fluorescence beam is gradually increased, and at 
certain well-defined angles the appropriate fluorescence lines are reflected. The detector and 
crystal are rotated, either manually or automatically, at angular speeds in the ratio 2 to | 
_ and the variation in the detected intensity is recorded on a moving chart as a series of peaks, 
_ corresponding to fluorescence lines, above a background, principally due to general scattering — 
_ of the primary radiation by the specimen, as shown in Fig. 6. The angular position of the 
detector, in degrees of 20, is also recorded on the chart, so that a peak can be identified from 
the angle at which it appears. Tables have been published” listing characteristic lines, wave- io 
_ lengths and values of 2@ for use with various analysing crystals. Additional evidence for _ ag 
identification may be obtained from relative peak heights and by ‘determining the voltage 
_at which the peak appears, #. the critical excitation potential. 
, a For quantitative analysis it is necessary ‘to measure the intensity of a characteristic line 
of the element. This can be done either by collecting counts for a certain period of time on : 
(fixed-time method) or by measuring the time necessary to collect a pre-set number of counts — oie 
(fixed-count method).% It is usual to measure intensities at the peak angle and at a suitable - 
background position close to the peak, and the net line intensity (peak minus ie ete 
in counts pee second, is then nelated to the cc concentration of the element. be sai 


- X-ray tubes are usually of the sealed-off type having tungsten, molybdenum or an 
targets. — They have power ratings of from 1 to 3kW and operate with half- or full-wave 
rectification. With Philips equipment, constant intensity of primary radiation is achieved - 
by high stabilisation of the tube current and voltage. The focus of the electron beam and the pe 
viewing angle are such that the primary beam is projected on to an area of about 500 sq. mm : - <i) 
on the surface of the specimen. The tube window is of thin (~1 mm) beryllium, which will | 
transmit X-rays of wavelength up to 3 to 4 A 3 ‘ai tite! ech 
‘Tt has be en stated previously 
‘comaiives spectrum, but the primary continuum is scattered by the specimen and is chiefly 
responsible for the background radiation. _ Characteristic primary radiation from the target 
‘material, and from any impurities present in the target, is also scattered and will be recorded, 
— soit would be unwise to choose, for example, a tungsten tube for the determination of tungsten | 
inaspecimen. The spectral purity of the primary beam can be investigated by scanning the : 
— spectral range, carbon or sugar, which give no recorded fluorescence lines, being ne 3 


> 


ia ’ The Philips s specimen holder is an aluminium cylinder 32 mm in diameter and 29 mm deep. ale 
+The specimen is supported by a thin film of Mylar, and an aluminium mask restricts the area = reer 
of specimen illuminated to a rectangle 18mm x 27mm. Specimen holders made from i 

ic 1 aterial are available 1 for the examination of acid or alkaline solutions. foe 
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‘ BROWN: RAY ANALYSIS. REVIEW 
The fluorescence is collimated either by a a of spaced “metal 
_ plates or a bundle of tubes. _ The angular divergence of the rays that reach the crystal is 
_ limited by the first collimator (see Fig. 5). The auxiliary collimator is coarser and is par- 
(= ies ticularly useful at very low values of @ for preventing radiation that has not been reflected by 
ae” _ _ The width of a spectral line depends. on the degree of collimation. Increased resolution 
can be obtained by decreasing the separation of the metal plates or by increasing the length 
of a collimator, but this is achieved at the expense of intensity. The effects of various colli- 
a _ mating systems on line intensities, line profiles and line-to- -background intensity ratios mere | 
to there i is a theoretical upper limit of 2d for the wavelength that 
- can be reflected from a crystal of interplanar spacing d, and this limiting radiation will be 
Re  Teflected when 26 is 180°. This angle is beyond the range of X-ray spectrographs, and, in 
at _ addition, the intensity of reflected radiation decreases rapidly with increasing angle, so it is | E 
usual to select a-crystal having an interplanar spacing such that the desired radiation is 
. Zia in the angular (2) range 10° to 100°. The interplanar spacing of the crystal also 
; _ determines the degree of dispersion of the spectral lines ; for ‘maximum dispersion, | the crystal a 
_ having the least spacingshould be used. 
__ The crystal should be large enough to accept at small angles all the radiation transmitted 
a _ by the first collimator and must emit no fluorescence lines of its own that would overlap the 
Some the crystals used as analysers are shown in Table II. 


Geiger, proportional and scintillation counters* have replaced photographic film for 
the detection of fluorescence X-radiation. _ The spectral’ sensitivity of each type varies with 
se as shown in Fig. 7,°° and the choice of a detector is governed primarily by the 
__ The Geiger counter*! is widely used for detecting radiation in the range 0-7 to 3 A, and, 
‘ion it is relatively insensitive to scattered hard radiation, the background intensity is low. 
Its principal disadvantage 1 is the long time needed for the counter to recover after a discharge 
has occurred (dead time). During this time, 200 to 300 microseconds, the counter is inactive 
and at moderately high intensities there are serious counting losses. A Geiger c counter is not 
‘normally used for measuring intensities in excess of 1000 counts per second. __ a feleprnee 
Proportional® 3 and scintillation™ counters have a short dead time (~0-2 


the amplitude ofa pulse delivered by these counters is proportional to the - energy, a and there- 
_ fore inversely proportional to the wavelength, of the absorbed X-ray photon, so it is possible q 
to discriminate electronically against unwanted radiations. An important advantage of the 
_ scintillation counter is its high sensitivity over the range 0-3 to 2:5 A, but it is not used for f 
i detecting radiation softer than Ti Ka because the signal is then indistinguishable from detector } 
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proportional is used with or filled for 
oo soft X-radiation (3 to 11 a). The mixture of gases, usually 90 per cent. of argon and 
10 per cent. of methane, flows continuously through the tube, so that a leak-proof window is es 
not necessary. In consequence, _ the window can be made > extremely thin : and high trans- 


is : 


wavelength (A) for typical scintillation (SC), krypton- or af? 


ey. The specimens examined are often the | ectual samples received for avila, but some 
4 specimen preparation is occasionally necessary. 

& _ The effects due to differences in the sizes of the particles must be considered sli. iun =e x 


are examined, because the absorption of fluorescence radiation increases with grain size. 
Methods for avoiding particle-size problems include (7) grinding the sample, either alone> 7 
or with an added abrasive, such as silicon carbide,**.*’ until the effect of particle-size differ- __ 
ences is negligible, (17) mixing the sample with a binder and pressing into briquette forn form,**.39 
and (itt) dissolving the sample in fused borax and casting the melt asa glass disc. = < oe, 
Bulk metal samples must be of a size that they will fit the specimen holder andshould __ 
“f present a flat surface to the primary beam. Koh and Caugherty* found that surface finish, a 
% grain size and residual stresses do not greatly affect the intensity of characteristic a i; 
: from alloys. If metallic samples are received as millings, drillings, filings or wire, it isnecess 


‘sary mag: to ts solution as a specimen or to evaporate the solution to dryness and r 

fe = and addition methods of analysis. The heating effect of the X-ray beam may result _ 
~ in concentration errors, owing to expansion or vaporisation of the liquid, b but - such errors sae an 

The amount of specimen used is not important provided that the area defined by the ih 

mask is completely covered and a certain critical depth of penetration by X-rays 


_ isexceeded. (In some instances, ¢.g., the determination of silver and bromine on photographic - 
- film, the critical depth is not exceeded.) _ This depth is about 0-03 mm for nickel, iron and 
mm for minerals“ and several millimetres for liquid specimens, 


7 err spectral vel will be most effectively excited by radiation that has a wavelength 
coincident with tl the of the series. s. Whe elements i ina have 
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be ‘it is use a different radiation of the ideal wave- 


length for exciting each element, so it is necessary to use the primary continuous radiation. 

ba _ The primary characteristic radiation will make an appreciable contribution to the excitation 
when a strong primary line has a wavelength just shorter than the absorption edge of the 

_ series. Since the total energy emitted as primary radiation increases with the atomic number 

_ of the target material, it would be expected that radiation from a tungsten target would be 

ss More effective than that from a molybdenum target for exciting X-ray spectra. — Campbell, 
ee Carl and White have found that primary radiation from tungsten is more generally useful 
oa - but, for exciting the elements from germanium (32) to yttrium (39), a molybdenum tube is 
preferable because of the contribution of the molybdenum characteristic spectrum. 
: excited. As the tube voltage increases, there is an increase in the intensity of the primary 
continuous spectrum and a decrease in the wavelength of the radiation having the maximum 
me intensity (see Fig. 1). The most effective component of the continuum for exciting a spectral 
ay series is that just on the short-wavelength side of the absorption edge, so for exciting short- 

ie wavelength spectra it is evident that the tube should be operated at its maximum voltage. 

; ce or fluorescence radiation of longer wavelength, a voltage setting below maximum is better, 
_ because the most effective component is now in the long-wavelength region, , where an increase 
in tube voltage results in a small increase in intensity relative to the integrated intensity 
of the continuum. At higher voltages, therefore, the background intensity due to general 


~ scattering of the continuum will increase more rapidly than the intensity of the fluorescence — 


_ line and the resulting decrease in the ratio of peak to background gives a lower sensitivity.* 
_ The optimum tube voltages for exciting the K ‘Spectra | of iron and nena 8 are 35 and 
es poe with concentration over the range 0 to 100 per cent. a would then be sae to 
_ determine the concentration of an element in any sample by using only the pure element as 
a a standard. _ Deviations from are due to of ‘radiation, primary 


a the depth of penetration of the primary beam and therefore the number of atoms of 
the element being determined that will be excited. The measured fluorescence radiation is 
affected by specimen composition in the same way. KS 
___ The second type of absorption effect depends on 1 the relative position of characteristic 
lines and edges. For example, Fe Ka radiation (A = 1-932 a) is strongly absorbed by chro- 
mium (Aabs. = 2-066 a); Ni Ka radiation (A = 1-655 A) is strongly absorbed by and therefore 
excites iron (Aaps, = 1-739 A). Thus, if iron is to be determined in a specimen containing 
iron, nickel and chromium, the intensity of Fe Ka radiation will depend not only on the iron — 
content but also on the amounts of nickel and chromium present. a 


es be For quantitative 2 analysis it is necessary to obtain a relationship: between line intensity 


and concentration of the element to be determined. 


The simplest method is to ‘prepare a calibration curve showing the variation in line 


__ intensity with concentration by using chemically analysed samples. The curve will be linear 
_ only if the absorption effects described in the previous section are negligible, and any devia- 
tions from linearity may be minimised by using standards that are closely similar in composi- 
tion This method is particularly well suited to the analysis of routine samples, in which the 
concentration of each element is restricted to a fairly narrow range. 
__In the addition technique, the intensity of the analytical line is measured before and 
2 after the addition of a known amount of the element. “ The method is best suited to the 
‘ ‘ee determination of concentrations of less than 5 per cent. of an element, because it is necessary 
to assume a linear relationship between line intensity and concentration. 
_ _ The internal-standard method, which has been widely used to avoid absorption prob- 
aa lems, 5 50,51,52 involves the addition to the sample of a known amount of a reference element 


— that will give a characteristic line close to the analytical line and is affected in the same way 


_ The optimum excitation voltage depends on the absorption edge of the series to be 
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—  Arithmetical correction factors have been used 


ratio of the analytical and reference-line intensities with concentration, and the calibration ee * 
may be used to determine the element in variable matrices. The choice of a reference element ae 
depends on the relative positions of the characteristic lines and absorption edgesoftheelement 
to be determined, the reference element and the disturbing elements responsible for absorption _ 
effects.37,53 Preferential absorption of a line would occur if a disturbing element had an 
absorption edge between the comparison lines; one line would be preferentially enhanced by — 
a strong disturbing line between the absorption edges of the comparison elements. . These — 
circumstances must be avoided by choosing an appropriate reference element. elt”. ws 
_ Matrix dilution will also avoid serious absorption effects. The samples are heavily 
| diluted with a material having a low absorption, so that the resulting specimens have about — 
the same absorption for X-rays. _ The concentration, and therefore the effect, of the disturbing 
elements is reduced, and although the intensity of the measured radiation is also reduced, a F 
linear calibration graph can be obtained. Gunn™ used a (1 + 1) mixture of lithium carbonate _ ‘22 
and corn starch as a diluent; the method of fusing the samples with borax and casting the oe 
melt as a glass disc has already been mentioned. 


to overcome absorption problems. a 


These factors are calculated from a family of curves showing the variation of intensity with 
concentration of the element to be determined, each curve representing a different amount i 
of the disturbing element. © Sherman® derived a set of | equations relating intensity to concen- ree 


an absolute method for the analysis of multi- “component alloys. 


Comprehensive bibliographies « of the analytical applications « of X-ray fluorescence spectro- 

metry have been published by Mack®* and Liebhafsky and Winslow.® The following examples ¥ 

will illustrate the rapidity, versatility and precision of the technique. _ Re ee oe 

The analysis of high-temperature alloys. and the investigation of oxidation ond 
| diffusion processes in metallic systems“! have been described. Molybdenum (0-7 to 5-8 per cea? <a 
cent.) and ruthenium (0-5 to 4-6 per cent.) in uranium have been determined with average . ody Z 
absolute errors of 0-03 and 0-05 per cent., respectively. 61 Silverman, Houk and Moudy® — aie , F 

obtained a coefficient of variation of 0°5 to 1-0 per cent. for the determination of 15 to 25 per - oul 
cent. of uranium dioxide in stainless steel by using strontium as internal standard. The ; 
counting time was about 12 minutes, and large amounts of iron, chromium and nickel were 
__ Methods for the analysis of various types es of mineral have been discussed by Carl and Pit ae &g 
Campbell. The determination of thorium in ores and rocks by using thallium® or selenium® 

as internal standard has been described, and Gulbransen™ has determined barium in barite 

ores to within 0-5 per cent. of the result obtained by wet chemical methods. After a calibra- 

— tion curve has been prepared and the sample ground, a determination can be made in 3 _ 

-minutes. The analysis of amphibolite rocks has been investigated by Chodos, Branco and fe 

. aor preliminary results indicate that iron, calcium, titanium, potassium, manganese, _ 
| silicon, aluminium and magnesium can be determined with a relative error of 2 to 3 per cent. : 
hours. Methods for the determination of niobium and tantalum i in ores,**,51,52 yttrium, 

_ thorium and the g -earth elements in bastnaesite ore® and yttrium in rare- -earth a 

Marriinee have been analysed for barium and (0-01 to 2-0 per cent. 

3 and zinc (0-004 to 0-6 per cent.),’ and Campbell, Carl and White*’ have compared methods of 

_ X-ray fluorescence analysis for determining germanium in coal and coal ash. _ By a prelim- as 

_ inary chemical extraction of the germanium, concentrations above 0-001 per cent. could = : 

_ determined to within 10 per cent. of the amount present. Clark and Terford® have found re a : 

_ that X-ray analysis is far more reliable than chemical analysis for determining 1 to 20 per 

B cent. of i iron in dust samples. I have used a Geiger-counter spectrograph for determining — < a 

strontium, as parts per million and parts per ten thousand, in samples of sodium chloride and — ae 

limestone, respectively. MacNevin and Hakkila® have described a method for the determina- 

| tion of palladium, platinum, rhodium and iridium, in w which filter-paper impregnated with a 

solution of the elements isusedasaspecimen,. 

Other applications that have been described include the determination of lead*.”° and 
_bromine® i in petr — hydrocarbons,” uranium in aqueous solutions, 
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3 BROWN: x- nay AY FLUORESCENCE ANALYSIS. 


zinc in lubricating oils, vanadium and nickel in fuels and 


_ charging stocks” and potassium in potash concentrates and tailings. 
have found that the X-ray technique greatly facilitates the routine analysis of a wide 
variety of catal sts, the analysis time often being a matter of minutes. Absorption effects — 

y y' y 

_ have been avoided by matrix dilution with borax. Dyroff and Skiba” have reported the — 

——— determination. of iron, nickel and vanadium on cracking catalysts in an analysis time of 15 
tainates, and Gunn’ has determined platinum (0-05 to 1 per cent.) on re-forming catalyst with 
a Standard deviation of +0-006 per cent. of platinum at the 0-6-per cent. level. oe 
A The method has been used for the measurement of the plating thickness of metals,” o 
and Rhodin”’ analysed thin (~100 A) films of iron, nickel, chromium and stainless steels 
prepared on a Mylar support by evaporation im vacuo, 


Major | developments in instrumentation to extend the range of elements that can be 
de e 


> 


rmined to those below sodium (11) do not appear to be imminent. Improvements in 
_ X-ray tubes and detectors will increase the rapidity and precision of analyses, and automatic — 
_ instruments, which are used in the U.S.A. for process control, are now being developed i in | 
= Bony . It seems certain that applications of the technique to routine and non-routine 
analytical problems will be extended and that | X- will continue 
I thank Mr. H. N. Wilson, Dr. J. M. A. E. for their interest 
advice during the preparation of this paper. 
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— The Determination 


Tae Analytical Methods has received the following report from its Vitamin- 

ri Panel. The Report has been approved by the Analytical Bethods Committee and its 

"publication has been authorised by the Council. 


a March, 1953, the Sub-Committee on Vitamin Estimation of the Analytical Methods 
af Committee was asked by the Biological Methods Group to report on the pes to promulgate 
standard methods of analysis for the tocopherols. 
__ A Vitamin-E Advisory Panel was accordingly appointed “‘to survey Sain methods already 
a proposed for the estimation of vitamin E and to report to the Sub-Committee on the work 
Eos required to establish a standard method or methods.” The Panel consisted of A. L. 


' & <a Bacharach (Chairman), F. Brown, T. Moore, A. R. Moss, H. N. Ridyard and S. A. Price (Hon. 


Secretary). This Panel recommended unanimously, after one meeting, that approval for a 


1 eae method or methods was desirable. Its report was accepted in 1953 by the Analytical Methods 


= a Committee, which forthwith appointed | a working Vitamin-E Panel to follow the lines indi- 
cated in the Advisory _ Panel’s report. The membership of the working Panel was A. L. 


; pre: Bacharach (Chairman), J. Green (Hon. Secretary), P. W. Russell Eggitt, A. R. Moss, H. N. 


_ Ridyard, C. A. Shacklady, P. Stross, G. Walley, R. J. Ward and E. C. Wood. On her 
_ appointment as Secretary to the Analytical Methods Committee early i in 1955, Dr. C. H. Tinker | 

_ took over the secretaryship of the Vitamin-E Panel, but Dr. J. Green agreed to continue as 
_ Hon. Technical Secretary to the Panel, and in this capacity has earned both the Panel’s and 
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Dr. Tinker’s gratitude for his continuous and valuable help. At a later stage of the Panel’s f 


work, Dr. V. H. Booth was co-opted asamemberofthe Panel 


involves two ‘ogically connected but rnethodologically different processes. The 
inca. involves chemical analysis, the second computation only, but computation based on previous 


are satisfied. “First, there must - be available means of determining with sufficient accuracy 
_ the amounts of the different tocopherols present in the material. Secondly, weighting 


‘the total amount present can then be appropriately expressed in terms of the biological 
_ activity of one of them—preferably of a-tocopherol, because it is the most widely distributed, 
5 the best known and probably the most biologically active for most species ; moreover, the 
International Standard of vitamin E is Di-a-tocopherylacetate, 


pre. . Panel is most grateful to a number of manufacturers and members of their } 


‘Za Of this two-stage process for determining vitamin-E activity, only the first fell within the | 


Scope of the Panel’s activities, for only the first comes into the category of an analytical 


determination. _ The second stage is, moreover, for vitamin-E determination, fraught with 
_ peculiar and complex difficulties, to which brief reference is made below. | Nevertheless the 


solving in advance of the purely’ analytical problems besetting tocopherol 


might be an advantage, however to of events in the 
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‘THE OBJECTIVE— 


us to apply, mutatis mutandis, to the pole d of coho E analysis. They were “When the — 
test substance has biological activity, it is not the function of the Panel to he geen its: 


researches in clinical “medicine or animal ‘nutrition. The Panel . r 
restricted its deliberations and experiments to the establishment for the determination of. 
vitamin B,, of an analytical method that . . . is least affected by the known vitamin B,,-like — 
substances that may co-exist with the vitamin By.” 
he The Vitamin-E Panel has had to solve a more difficult analytical problem. “— a, 
_ began its work, four tocopherols had been discovered; since then three others have been ee 
isolated from natural sources. The seven tocopherols have different biological activities as 
_ well as different chemical properties; moreover, these activities are not necessarily the same ne 
in different biological tests. — _ Indeed, because of the varied distribution of the tocopherols in 
natural products, a considerable proportion of vitamin-E E activity ‘ight | be 
contributed by a tocopherol of low biological potency. 
The Panel could not escape the conclusion that its “an reference implicitly ask for a 
nethod capable of measuring with reasonable precision and accuracy all seven tocopherols. : 
_ | As the unexpected dimensions of this task became apparent to the Panel, its members were _ 
yg _ to some degree consoled by realising that they were undertaking what is almost certainly the : 
rk first collaborative study of two-dimensional paper asa in ; 
. ie _ The tocopherols have been regarded as methylated derivatives of a parent a ae 
. for which the name tocol, originally put forward by Karrer and Fritzsche,? has been a. 4% < 
Its structure and of the derivatives given by general formula— 


te 


ds ri 
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STRUCTURAL RELATIONSHIP oF THE TOCOPHEROLS 


jest 
For a note on the structures of e- and {-tocopherol, consult text. 
tained. There are now serious reasons* for doubting the identity of ¢-tocopherol with — 
&§ methyltocol and of {-tocopherol with 5:7-dimethyltocol, structures that had previously 
been allotted to them; no such structures have therefore been assigned in TableI. Inthis, 
a the alphabetical order of the Greek letters merely denotes the order in time of first identifying _ 
_ the different tocopherols and gives no key to structure. It is possible that further work on — 
| the structures of e- and Z- -tocopherol may lead to some modification 0 of the general statements 
about the relationship between tocol and the tocopherol. 
Z _ While trying to develop a method that could be used for determining all seven toco- 
 pherols in whatever amounts and proportions they might be present, whether in a single = . 


material or a complex mixture, such as a compounded animal feeding stuff, the Panel bore 
; continuously in mind that the analytical problem might frequently be a less complex one and 
_that the method could be correspondingly simplified i in certain circumstances. — 
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them is that Lehman,’ who has all the “classical” methods available for the 
rs: _ determination of vitamin E. Methods of paper chromatography, which have formed the — 
cs basis of the Panel’s work, are ‘mentioned in this article, but are not given particularly favour. 
omer able or even adequate consideration. Moreover, three tocopherols are now known that were 
ae not discussed by Lehman, and their existence makes the older methods inapplicable. It is 

‘a therefore necessary to deal briefly with the present status of methods for vitamin-E deter- 


; ok. ‘mination, , if only to to put paper chromatography i in proper perspective among them. % amuses 
All proposed procedures for vitamin-E analysis include three 1 
extraction of the lipid containing the vitamin E; 


Stages | (1) or (2 2) may. be ‘omitted whenever 1 the s tocopherol is is already at a high enou 
concentration to permit stage (3) to be carried out without appreciable error. In addition, 


further ) must be added = iti is necessary determine individual tocopherols, as the 


materials’ investigated by the Panel were oils. methods 
_ described below should be applicable to the fat-soluble extracts of other biological materials, ; 
_ but detailed methods for making the extracts have not been investigated by the Panel in 
a> It was the opinion of the Panel that the tocopherols were sufficiently stable to 
involve no especial hazards or difficulties when one of the several normal methods of fat 


extraction is used. Several such methods*-*,® to ividea! determina-_ 


two types of exist in natural those that have reducing power 
ioe fi and therefore interfere with the final determination by giving falsely high results; and nd 


vs that inhibit or enhance the colour produced in the final determination, ‘although having no 


aa (a) Saponification of the lipid fraction usually removes all substances of the second type 
Se and some of the first. It also serves to concentrate the tocopherol fraction more than is 
; possible by any other practicable single step. Saponification is the most effective first puri- 
___ fication step, whatever means of final determination is used; but in the past saponification 
ae nate has often been avoided because of the real danger to which it may subject the alkali- “sensitive 
ate ~ tocopherols. _ _ Many methods of saponification described in the literature do not give satis- 
ee recovery of vitamin E. However, the Panel is satisfied that this step can be carried ¥ 


out with nearly quantitative recovery of of tocopherols, providing suitable precautions ns are taken. 


oa — (b) Molecular distillation has been used by s some who have wished | to avoid saponification. — 
} Int ‘this method,’ the tocopherols are concentrated in a small pot-type non-cyclic molecular 
still. The distillate contains the vitamin E, freed from many interfering sabetonceh Us 


and some other reducing compounds collect in the auction 


7 aa Hydrogenation has been used as a purification step, usually in conjunction . with 


‘ molecular distillation.** The distilled sample is reduced with hydrogen over a palladium 
Pace catalyst. ~ Carotenoids and some other substances are reduced and do not thereafter interfere 
ded in the analysis, whereas tocopherols are ae altered. Methods (6) and (c) do not appear s suit- 


ig es (d) Sulphuric pet? procedure, Non-tocopherol reducing materials ‘have sometimes been | 

a shinee by shaking a solution of the vitamin-E concentrate or oil in light petroleum with 85 
A cent. v/\ v sulphuric aci acid. are doubts, however, as to the quantitative nature of of this 
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ae ies Column chromatography has also been used. . Most workers have adopted the method oe ee 
of Emmerie and Engel" as modified by Kjélhede,” passing the vitamin-E solution through a Pow 
column of activated floridin earth, previously treated with stannous chloride. This type of : 


as recently improved, removes carotenoids, vitamin A and some 


loss in this step.” This view may have arisen, mistakenly, from the work of Kaunitz a 
Beaver ,?* who concluded that the presence of fat in extracts increased the adsorption of toco- 
pherols on floridin and hence that some tocopherol was lost during filtration. This would — “Z 
hardly seem to be in keeping with the known effects of fats on adsorptive properties, and it is 
likely that the results were influenced by the marked depressive effect of fats in the ferric 


chloride - dipyridyl determination, also investigated by the same workers, whose procedure — te 


not include saponification. The Panel has found that -floridin earth chromatography 


can be performed without detectable loss, providing that suitable precautions are taken in © : 
_the preparation of the column and elution of the tocopherols (consult Appendix II). _ ray 


* (f) Paper chromatography may also play its part in removing interfering matter, but its — ie 
main role is to separate the different — It is dealt with on p. 360. be a 


‘DETERMINATION OF THE ‘TOCOPHEROLS— 


It seems generally agreed that the Engel method j is the most suitable, “The 

tocopherol i is treated with a mixture of ferric chloride and 2: 2’-dipyridy] in ethanolic a 
-Tocopherols reduce the iron to the ferrous state; it then combines with the dipyridyl to form 
_ared colour, which is measured in a photoelectric colorimeter or spectrophotometer. Under — a 
_ standardised conditions, the method gives a high degree of accuracy and precision with 
_ pure tocopherols. However, individual tocopherols react at somewhat different rates and ie 
_ give somewhat different intensities of colour.* §-Tocopherol, in particular, reacts eel 
from the others. Therefore earlier methods have included highly standardised procedures for — 


the assay of substances containing more than one us as the work indeed, recommended 
for the determination are as numerous as 


Before 1953, 0 only four had been in sources, Even so, the 
determination of those four compounds individually was difficult by ‘ ‘classical’ methods. be 
Three general procedures were available. = 


___ (t) Differentiation of the tocopherols by making use of their different rates of oxidation i 

under certain conditions." method does not to be accurate, and it been little 


rmination 


) 
of “‘non-a-tocopherols,”’ 


acid to give yellow nitroso- derivatives: _ These can be determined together by colorimetric “eer 
methods, and the a-tocopherol is then found by subtraction from the total tocopherols as 
measured by the Emmerie - Engel procedure. The nitroso method, although = Si suffers d : 


is necessary to use of a accurate mean extinction for the ; 
subtraction needed to give a value for a-tocopherol. This introduces additional error. — 
Although the three nitroso-derivatives can be separated by ‘column chromatography, B-, ae 

and 8-tocopherol are not distinguished from each other by the method as normally used. : 

_ Recent work?’.1® has shown that the nitroso method itself can be troublesome, owing to 

D the reaction of nitrous acid with the ethanol solvent. _ Moreover, the nitroso procedure can be 4 ae 


Dianisidine coupling method. ‘The an and tocopherol couple with diazotised 

é dianisidine in alkaline solution to give dyes that can be extracted and determined colori- _ 

metrically.'° If B-tocopherol be assumed absent, a-tocopherol can be found by a subtraction 

procedure, but any B-tocopherol present will be measured with the «-tocopherol determination. 

Be <0 inhibit the coupling reaction, which is also affected by the presence of much 
. Recent work” has shown that the of §-tocopherol be 
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an unknown sample, recovery experiments must be carried out to determine the extent of 
__ The discoveries of ¢-, {- and 9-tocopherol render the classical methods obsolete, except 
“certain clearly “defined circumstances. The and n-tocopherol both give the nitroso 
‘reaction, but £-tocopherol does not, and it will therefore be measured with «-tocopherol by 
a _ this method. Because 7- tocopherol gives the  dianisidine coupling reaction, its presence must 
_ complicate y- and 8-tocopherol determinations, and the non-coupling of «- and ¢- -tocopherol 
_ destroys the validity of dianisidine methods for even approximately measuring «-tocopherol. 
- Recent methods* et for chromatographic separation of tocopherols on paper have 


several advantages over the classical methods of vitamin-E determination and deal success- ff 
fully with most of the problems raised by the discovery of the new tocopherols. The 
the known tocopherols are separated into five “spots” or zones on the paper. The 
and {-tocopherol occur as individual spots and can be determined | 
kz. B and y-tocopherol occur ‘together as one spot and e- and y-tocopherol together as another. 
Dianisidine coupling carried out on the paper chromatogram identifies y- and 7-toco- 
ces the important «- tocopherol can be determined directly, wi 


ree ___(c) the isolation of the individual tocopherols and knowledge about their reactions with & 
_ ferric chloride render unnecessary any compromise over reaction conditions for the i | 3 


metric assay. There is also no necessity to assume an arbitrary conversion factor, since, 
om with certain exceptions discussed on p. 365, the conversion factor for each tocopherol can be 


(a): because individual tocopherols are separated on the chromatogram, some of the 


= ——_ - older purification techniques become unnecessary. Only such purification is carried out as 
aa 4 is essential for subsequent successful "chromatographic separation. This always involves 
. #4 saponification of low-potency oils and may also require chromatography on on floridin earth for 
a removal of interfering substances. Once the separation is made, however, the analyst can, by 
rae running authentic tocopherols on the paper as tracers in a control test, be assured that he is 
oe neat (e) the method is suitable for micro- -determinations below the ra range of the older methods. 


Panel has in detail through tests the involved 
_— n the determination of the tocopherols. Analysis of samples likely to present themselves for 


tocopherol determinations may involve | all, or most of, the seven stages enumerated below 

S a (a) Solvent extraction of a representative sample with a lipid solvent, for quantitative 
separation of all tocopherols present,- -along with other fatty material. 


Saponification of the lipoid extract and separation from it of the unsaponifiable 
matter. The method is based on that of Tosic and Moore. 


| ae (c) Separation of most of i the steroid material by freezing from solution in methanol. we ‘A 


Column chromatography on -floridin earth to rer remove carotenoids” and "residual 


_(e) Two-dimensional paper r chromatography, *8 to separate the tocopherols into five zones, 


ee “bak (f) Treatment of the eluates with the Emmerie - Engel reagent and reading of the 


extinctions at 520 my in a suitable instrument. The Panel considers the presently described 
_ modification of the Emmerie - Engel method to be an advance on any previous technique. — 
_ It is rapid and well suited for determining tocopherols in micro amounts, The concentration 
ia of reagents is such that all the tocopherols give maximum or beeper maximum colour in n the: 
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THE DETERMINATION | 


2 

= Calculation of tocopherol equivalents by using 
ee seven stages enumerated above may not all be necessary. © 
sion is of stage (a) when the sample to be examined is a clean oil or fat. Stage o is - 
necessary for materials of low potency. Stage:(d) can be omitted during the analysis of — 
‘samples containing more than 5 to 10 mg of tocopherols per g of oil, and possibly i in certain 
other circumstances not easy to define or forecast. 
__. The results of a typical a test on two vegetable ete and a chick meal are give 


Pyrogallol solution, 5 per cent. w v/v in this solution daily for each a: assay. 


Potassium hydroxide solution—Dissolve 160 g of potassium hydroxide, analytical- reagent 
Diethyl ether—Analytical-reagent grade or anaesthetic B.P. “(For note on peroxide 
Es Ethanol , absolute—Purify by distillation in an all-glass dnitiitins over potassium per- — 

— and potassium hydroxide (1 and 2 g, respectively, per litre of ethanol). __ ia “i 
Ethanol,  diluted— —Add 75 parts by volume of absolute ethanol to 25 parts by \ volume 

Floridin earth XS—Specially selected for use in tocopherol determination.* 

Stannous chloride—Analytical- reagent grade. Pay vert en 
4 Hydrochloric acid, sp. gr. 1-18—Analytical-reagent Dial 


Sodium fluorescein—A 0- 1 per cent. solution in water. Vie 
Papers—Whatman No. 1 grade “for chromatography,” in sheets 51-2cm x 46-4 cm 

(224 inches x 18} inches). (For notes on No. 4 grade paper, see Appendix I, 4. - cet ae a 
Liquid paraffin solution—A 3 per cent. w/v solution of liquid paraffin B.P. in ligh 

Ferric chloride solution—Ferric chloride hexahydrate, reagent grade, 0-2 per 

cent. w/v in ethanol. Being extremely liable to photochemical reduction, this solution must 
be prepared directly in the amber bottle in which it is to be stored. The bottle should not a. 
| exposed even to moderate daylight and is best masked by ne of black paper or ‘black — 


__Dipyridyl solution—A 0-5 per cent. w/v solu ion of 2:2 al-reagent — 
Weigh accurately about 1 g of the oil into a round-bottomed flask (50° to 150 ml 
suitable size). Add 4 ml of the pyrogallol solution, and heat in a water bath, using a cold 3 : 
finger condenser or a small reflux condenser fitted with a ground-glass joint. When the mix- a ig 
: - the boils, remove the condenser, and add 1 ml of the potassium hydroxide solution. Replace ea ei 
| the condenser, immerse the flask in the boiling-water bath, and heat under vigorous reflux 
__ Remove the flask from the water bath, cool the contents, and add 20 ml of distilled water. _ 
Extract the unsaponifiable matter with diethyl ether three times, using about 25 ml for each wie 
extraction. If the phases fail to separate quickly and sharply, add 1 or 2 ml of ethanol. 43 a 
if emulsions persist, consult Appendix II. Wash the combined ether extracts with 20-ml Ets 
- portions of distilled water until neutral to phenolphthalein, avoiding vigorous shaking at == 
first. Three or four washes are usually necessary. Transfer the ether solution to a round. ;: 
_ bottomed flask, and remove the | ether by evaporation in a current of nitrogen, or under 
reduced pressure, while warming the solution heal the water bath. the residue, i if 


“Floridin eat earth XS for the determination of vitamin E” (obtainable the Drug Ho 
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‘mecessary, , by adding a little absolute ethanol and benzene and re-evaporating. Do not dry 

_ the solution with magnesium sulphate or sodium sulphate, because these chemicals may con- ; | easi 

+ tain traces of i iron. Dissolve the e dry 1 residue e either in 5 ml of benzene for step 3 ‘or in in methanol 4 r ens 

is rarely necessary to remove sterols before chromatography. However, with extracts | 


a cae of certain materials, poor separation on paper may be due to the presence of sterols.  Direc- 
tions for removing these are given in Appendix I, 2. 6 t 


“a (a) Apparatus—Columns are prepared in the usual type of dtiaiieianl adsorption D 
foe ‘ihe. 1-2 to 1-4 cm internal diameter and : about 16 to 20 cm long. « Tubes must net have 


mo) Preparation of column—Mix 5 g of floridin earth and 0-5 g of stannous chloride with 


20: ml of hydrochloric acid, and bring to the boil. With rapid stirring, pour the slurry into q 


_ chromatographic tube in one continuous operation, so that the earth settles with an even 


gradation. After the liquid has passed through, wash the column successively with five 
portions, each of 5 ml, of ethanol, and then with five portions, each of 5 ml, of benzene Besucr 7 


 @ Column chromatography—Pass the benzene ‘solution from step 1 (or step 2) through — 
_ the prepared floridin earth column. Elute the column with seven portions, each of 5 ml, of 
= _ benzene, the complete elution taking not less than 45 minutes. Nitrogen under pressure or _ 
gentle suction may be used to hasten both the preparation of the columns and the chromato- 
graphy, provided the latter process takes not less than 45 minutes. If total reducing sub- 
= stances are to be determined, an aliquot may be taken at this stage. It is safe to store the 
_ benzene solution overnight in a | refrigerator. MP Hake 

(a) Preparation of zinc-ammine solution—Dissolve 16 g of zinc oxide and 25 g of ammon- 
ium carbonate in a mixture of 150 ml of ammonium hydroxide and 600 ml of distilled water. 7 
Ada 5 ml of sodium fluorescein solution. _ This zinc-ammine sol:tion is indefinitely stable in a 


described below e ensures the most pita with the 
SS _ minimum handling of the working portion ; the position of the written date gives a clue to the — 


_ machine direction of the paper. Cut the large sheets of paper into four equal parts, as Ww 
indicated in Fig. 1, Pour the zinc-ammine solution into a large dish. Immerse each sheet } st 
_ ‘Separately 1 in the solution to within about 5 cm of one short edge, and hang all the sheets to (I 
_ drain at room temperature for about an hour. The dry margin allows the use of clips for ob 
supporting the papers. Dry the papers, hanging vertically, at 95° to 100° C for 3 hours in a 


_ an oven with or without forced air circulation. Remove the dried papers, cut a 20-cm square 
_ from the coated portion of each sheet, and write the date close to the edge GH. The prepared 
papers may be stored for a few weeks i ina thoroughly ‘dry place, but they are soon 1 spoiled by 
q teats Rule each paper lightly in pencil, as shown by the thin lines in Fig. 1. x Punch holes in the 

~~ techie _Apparatus—Chromatography in both dimensions is done by the ascending- -solvent 
4 _ method, and should be carried out in a glass tank large enough to hold the 20-cm x 20-cm. 

in a vertical It is advisable to use tank for each dimension. 


ank must 
lined with a sheet of saturated with the mobile sen The tanks must have 
gas-tight lids, and they should be shielded from strong light. _ 
, , Rie When less than four papers are run together, and provided that the chromatograms are 
to be examined later under ultra-violet light (method (i) of section (f) below), they may be 
: i supported in each tank by glass rods, arranged so that the papers hang evenly, with their 
edges dipping into the solvent. It is, however, more convenient to use some sort of te 


dimensional Sune an frame for carrying the papers, and this is recommended. If 
doa section below), or, if if four or sa papers 


% 

4 

— 
— 

q 
. 


a are to be run toge er, such a frame is essential. Its use enables the papers to be manipulated Nie 
easily | and ‘simultaneously during the various stages: of ‘the chromatographic ‘separation, and 


-described,”*.27 and are suitably made of aluminium. Commercial frames are also available _ 


q 


sad 


1. Dimensions of zinc carbonate im- 
pregnated paper. Care should be taken to 


Sweserve the machine direction of the paper (as 
pe cot indicated on the package). AB = BC =2cm. 
CD = 83cm. The letters need not be copied; 


@ First-dimension the solution from step 3 (c) to dryness 
_ under reduced’ pressure or in nitrogen. Dissolve the residue in 0-5 to 3 ml of benzene in a a4 
_ stoppered flask, to give a solution containing 0-5 to 2-0 mg of tocopherol per ml, if possible. a 
(Polar solvents must not be used for preparing this solution.) Set the tocopherol solution, ae > 
by means of discrete additions of 10 to 20 yl, as a narrow band across the starting line CD ; 7 
(Fig. 1), t, in all, 5 to 30 yg of each tocopherol are present. Thetotalsolutionsetshould — 
not contain more than 100 pg of total tocopherols. Use three replicate papers for each test — ae 
sample and a fourth paper as a blank. The additions should be made from a fine- tipped a 
glass capillary, calibrated by weight, from a 10-1 blood pipette, from a Trenner pipette with — 
ft curved tip (Appendix I, 9) or from an Agla micrometer syringe. It is important to apply = 
_ * Into the first chromatographic tank pour enough 30 per cent. v/v benzene in cyclohexane ‘ee 
to produce a depth of about 4 to 1cm. Support test and blank papers with the dates at the _ 
top and their edges AE just immersed in the solvent. Leave the papers in the tank until the 
solvent front has migrated about 15cm. This usually takes about Bhowt, 


1 @ Second-dimension chromatography—If frame is being used, femove papers 
_ individually from the first tank and dip each one in the liquid paraffin solution, with edge EH ae 
E at the bottom, to within 4 cm of the line DG. If a frame is used, remove it with the papers — a 
| from the first tank, and, with edges EH at the bottom, immerse the assembly ina bath of the 
E _ liquid paraffin solution to within 4 cm of the line DG. Remove the papers from the paraffin 
' + solution, drain, and allow the light petroleum to evaporate in the air. Then place the papers walls 
inthe second tank with edge AF just immersed in the 75 per cent. ethanol as the mobile phase. a 
Run the papers for 2 to 3 hours or until the front has migrated to within 4 or 5 cm from the © aay 
them of acurrent of nitrogen or air 
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of s from the p papers from the if one is 

% used. Use either of two methods for spot location and removal for analysis. Method (i) 

_ is much to be preferred, but method (ii) can be used when no ultra-violet lamp is available. 

__ Even when method (i) is used, it is still desirable to spray one of the papers as in the first 
of method (ii) in order to confirm the position of reducing spots. 


(i i) Examine the dry | papers in a a dark room | under ultra-violet light ; the lamp should 

ber not be nearer to the paper than 10cm. (See Appendix I, 8.) Tocopherol spots are 

; aa visible as dark patches on a fluorescing background, less than 1 wg being easily 
a: =" See Fig. 2.) Mark the spots by ringing with a hard pencil as quickly 


marked spots with sharp scissors, cutting within the pencilled lines. With 


oe ee of handling, roll the cut-out pieces of paper into cylinders and drop each — 
one into a numbered test- tube about 10 cm X 15cm and 
and 0-5 ml of all | 


‘Fig. 2. Reproduction, one-third full size, froma 
paper, marked to show the positions of tocopherol 


zones after two-dimensional chromatography. The | 


_ shaded area shows the part of the paper 


ee paraffin after running in the first dimension. = 
The wavy lines show approximate levels reached © 
= 


fe cot “iy Spray one of the test papers heavily from a fine glass atomiser with the mixed — 
aes reagent (equal parts of the ferric chloride solution and the dipyridyl solution). 

- En appear as red spots, which should be ringed with a hard pencil. If 

i no ultra-violet lamp is available use these spots to locate tocopherols on the assay 

papers. Remove the sprayed spots and a generous margin by cutting outside the — 

_. pencilled rings, and use the resulting series of holes as a template for marking another e 

test paper, anda blank paper. Alternatively, trace the sprayed paper on to a clean 

or i sheet of thin paper, and use the latter as a template. Having marked the tocopherol | 

t, positions, cut out the areas from both test and blank papers, and drop them int into” 


tubes containing dipyridyl solution, as in (i) above. of 
: et The seven tocopherols separate as shown in Fig. 2. Depending on the canal’ being 
: - analysed, one spot or several spots may be visible. Although by this method, B- and y-toco- 
“ale pherol are inseparable, as are e- and 7-tocopherol, instructions for their distinction are given in 
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tocopherols. oy: their It must be that, 
_ purification of the sample and the relative proportions of the different ws wines present, 
4 some distortion of the movements of the spots may occur. Absolute R and Ry values may be © 
disregarded, however; provided separation occurs according to the general pattern shown in > 
Fig. 2, the next stage may be carried out. if | separation is unsatisfactory, or — , 
__ Gently swirl the stoppered test-tubes, each containing 3:5 ml of ethanolic dipyridyl | a 
"solution and the slip of paper, for a few seconds. Transfer to a darkened room, and carry ee. 
- out the rest of the determination under dim artificial light. To one of the solutions add 0-5 ml ‘a 
s the ferric chloride solution from a fast-delivery pipette, shake the stoppered tube for a ches - 
; moment, and then transfer the contents to a glass spectrophotometer cell 1 cm in path length. ‘ 
Bye 2 minutes after adding the ferric chloride, measure the extinction at 520 my against =e 
a similar cell containing ethanol. Repeat this procedure with each tube. Subtract the ea 
| Teading of each “blank” tube from the reading obtained from the corresponding ‘ “test” tube. - 
a This gives the “‘net extinction” reading. Multiplication of the net extinction reading bythe 
| -spectrophotometric factor for the tocopherol being n measured gives directly th the nu number of _— 


_ The tocopherol-containing solution has been indirectly measured against a corresponding a 
blank solution. The highest accuracy can only be obtained, therefore, if it can be safely 
_ assumed that the blank reaction of the mixed reagents is identical in both “blank” and “‘test” ae 
tubes. The “ “blank” has two components, namely (a) that derived from the residual reducing 
_ material in the paper, and (6) the reaction between the dipyridyl and traces of ferrous iron a 
_in-the ferric chloride. Component (a) amounts to an extinction of about 0-010 (see Appendix yy : 
8); component (b) can be reduced to about 0-050 by suitable precautions, such as preparing ~ 
and keeping the ferric chloride solution in the dark and the observance of scrupulous clean- 
_ liness in the use of the pipettes for ferric chloride. Ferric chloride is converted to the ferrous 2 
state photochemically; hence the solution should : not be exposed to daylight in transparent z 
glass. The total blank value can be reduced to about 0-060 to 0-080. Blanks that give oa 4 


extinctions of over 0-100 are likely to be unstable and should be suspect. If high blank values" 


ferric chloride solution in a dark bottle previously cleaned with chromic acid solution. coe 


_ Where G = grams of ‘oil taken 


q continue, and other forms of contamination have been eliminated, it is best to prepare a new 


Phe 
= volume of benzene in millilitres to prepare s solution for paper 


= volume in microlitres spotted on paper, 
_ then each tocopherol, in micrograms per gram, is given Bgisi:!aitorthns 


pk 
tocopherol 


E> The B- and e-tocopherol are determinable when spots in their respective positions on 7 4 
af t no colour on spraying with the dianisidine reagent. (See Appendix I, 7.) However, if i = 
dianisidine reaction shows the presence of y- or 7-tocopherol the analyst may either assume 
that B- and e-tocopherol are absent or attempt a differential analysis of the four substances 
__ by chromatographic separation of nitroso-derivatives, such as has recently been described by 
_ Marcinkiewicz and Green. Factors for y- and 7- tocopherol should be used even though mm 
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NOTES ON TECHNIQUE AND APPARATUS 


is 


sais - Normally, ether is is stabilised by adding to it a small amount ofa reducing substance that 

ry? prevents peroxide formation. The reducing substance ce does not affect ‘tocopherol analysis ; 

at is removed during washing after saponification or during floridin earth purification. If, 

>; <4 however, the ether has been in the laboratory for a long time, it may contain peroxides. oT 

Bese _ These may be removed by the method of Werner. pee” Shake 500 ml of ether for 6 minutes with 8 


oO 
wn 


: "water, allow the phases to separate, decant and use the ether without distillation. _ aie  &§ suc 


: ie If it is required to remove sterols before. treatment « of f the unsaponifiable fr: fraction by | 
chromatography on floridin earth, proceed’ as instructed below. 
Saas Dissolve the unsaponifiable residue in boiling methanol (analytical-reagent grade), and 
bg _ transfer the solution to a 15-ml centrifuge tube, using, i in all, 12 ml of solvent. - Cool to about 4 
_—10°C in a suitable bath, remove the precipitate by centrifugation in a previously cooled — 


centrifuge cup, and pour the supernatant liquid into a flask. Redissolve the sterol precipitate 
_ in 5 ml of hot methanol, and repeat the process twice. _Evaporate the combined methanol | 
_ solutions to dryness under reduced pressure. Dissolve the residue in 5ml of benzene. 
fen far Some batches of chromatographic paper have contained reducing ‘material that raised 
a: the blank value. This may be removed by continuous extraction of the paper with hot meth- 


re anol in a Soxhlet apparatus or by extraction and decantation in a measuring cylinder. v3 ie mf 
4. PREPARATION (OF ZINC CARBONATE IMPREGNATED PAPERS— ee Pe pe 

Zine carbonate paper of sufficient activity can be prepared by drying in the atmosphere | he 
overnight (providing the relative humidity is not too high) instead of in an oven, but oven ‘te 
Two members of the Panel (R. J. W. and V. H. B.) have found that Whatman No. 4 filter- a 
_ paper has the advantage that it permits faster running in both dimensions. _ _ A word of caution = 
is necessary. These papers are considerably thicker than No. 1 papers and, after removal - 
from the second tank, retain more moisture. Small amounts of water increase the blank é@ 


_ reading,®® and care must be taken to see that these papers are completely and evenly dried 
_ before cutting. Drying is comparatively simple if single papers are used, but if several papers 


are in a frame, they should be stood in a gentle stream of nitrogen for at least 20 minutes. 


aia suitable chromatographic tank and frame for s supporting the papers is that mane- 
_ factured by Shandon Scientific Co., under the name Multi-Sheet Frame Chromatank. A | 

Similar assembly, in stainless steel ‘with polythene spacers, is manufactured by Baird and 
. ee Tatlock Ltd. The aluminium dish normally supplied is not necessary. Since the two- 

an _ dimensional chromatography used in the recommended method differs in seve ‘al respects from 
____- normal two-dimensional chromatography, a more useful type of frame can hit be made 


. oe _ When large numbers of tubes are to be filled, it wtinatenbi tou use 3-5 ml. of 0-07 per cent. 
a" 5 2 : 2’-dipyridyl solution instead of 0-5 ml of 0-5 per cent. dipyridyl solution plus 3 ml of ethanol. 


Sal es This solution is conveniently dispensed from a 3-5-ml automatic pipette. 


Q 


DETECTION OF AND D 8-TOCOPHEROL ‘DIAZOTISED 0-DIANISIDINE— 


Sodium carbonate—A 5 per cent. w/v solution in water. 
_-—- Diazotised o-dianisidine—Dissolve 0-5 g of o-dianisidine dihydrochloride in 60 ml of 
ae water. Add 6 ml of hydrochloric acid, sp. gr. 1: ‘18, and then 12 ml of 5 per cent. aqueous 
* sodium nitrite solution. Mix thoroughly. _ After 5 minutes add 12 ml of 5 per cent. aqueous 
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: ‘Spray one of the test papers (it is advisable to run an extra paper if the presence of ‘ 
Y -, n- or 8-tocopherol is suspected) heavily with the sodium carbonate and then with the © 
diazotised o-dianisidine from a fine glass atomiser. _ The tocopherols may be identified by the 
resultant colours®: y-, blue-green changing to indigo; 7-, brownish purple changing to purple; 
by reddish brown changing to o purple. - The > colours io be stabilised by washing the papers 
___ The presence of colour in either bee - or the 7- position does not exclude the 
DETECTION N OF SPOTS BY “ULTRA LIGHT— 


- A suitable lamp for this purpose is one emitting light with a ‘wavebsnd around 254: my, ee: 

_ such as the Shandon Chromatolite. A new lamp should be run for 2 or 3 hours before being — a 
put into use for ultra-violet location of tocopherols on paper. Other sources of ultra-violet — 


st, 


SPECIAL GLASSWARE— 
'y columns and glass atomisers for spraying chromatograms may be obtained from V. C. Ward, — é 
SOME DIFFICULTIES AND SOME SUGGESTIONS 


__. After the spasgnilicabicn has been completed, the extraction of the tocopherols into ether — 

_ must be carried out as rapidly as possible, the aim being to achieve clean, fast separation of oe 
the two phases at every stage. Sometimes em mulsions are formed; they can usually be diss 
persed by adding a few millilitres of ethanol. If they persist, it may be because the directions — 
have not been followed closely enough; the proportions of reagents are somewhat critical, and 
too much ethanol may even encourage’the formation of emulsions. Vigorous shaking at any _ 
stage is unnecessary and should be avoided, especially as some veohogient materials are 7 


naturally rich in emulsifying agents. <a 


Occasionally a batch of floridin earth may be found with too slow a percolation 1 


lagi chromatography. This fault is difficult to remedy; in practice it is simplest to 


. “cont arotenoids, vitamin A and its derivatives, sterols and some other substances are 
sorbed on floridin, producing a green, blue or red band. | - Sometimes, when the eluate is yellow — | 
_or the coloured band reaches the bottom of the « column, subsequent paper chromatography _ 
be unsatisfactory. This may be because the column was developed too fast; or the 
- ethanol used in its preparation contained water; or possibly the column was ‘overloaded, too 
_ The “activity’”’ or adsorptive power of the column depends chiefly « on the fineness of the 
_ particles and the extent of dehydration produced by washing with ethanol. The conditions — 
_ recommended in the method described here give an active column, suitable for removing — 
_ most normal amounts of interfering substances. It may occasionally be found, if an extremely — 
active batch of floridin is used, that even 35 ml of benzene is insufficient to elute all the 


6-tocopherol, which is the most strongly adsorbed tocopherol; if so, increase the amount of 


(a) Exploratory techniques—An analyst first practising the method and unfamiliar with 
. chromatography will find it a good plan to chromatograph first a solution of «-toco- 
} pherol and then a solution containing a known mixture of tocopherols. Reference solutions 
: best prepared in benzene and, for convenience, should contain about 1 mg of each toco- 
pherol per ml. ‘They ‘may be kept ina ‘refrigerator without appreciable deterioration. at 
ae In analysing a specimen of oil whose tocopherol content cannot be approximately guesse 
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sometimes useful to survey : an unknown solution by a eee run ona 2 single-dimensional 
_ zinc carbonate paper strip or, more rarely, to run a preliminary paraffin-coated strip. These 
_ preliminary ‘Tuns give information about the tocopherols present and their separations. 


oxi 

_ It must be emphasised that either single-dimensional procedure is for guidance only. = § in 

_ (b) The use of tracers—Sometimes a lipid is encountered containing uncommon prepor- pu 

¢ ion of tocopherols or excessive amounts of unusual impurities. Such material may produce § ;, 
= a distorted paper chromatogram, on which the spots are sufficiently displaced to make difficult J, 
____ the identification of tocopherols by position alone. If this occurs, a duplicate paper, towhich § , . 
et _ small amounts of «-, y- or 5-tocopherol have been added to act as tracers, may be of use. dui 
_ should be prepared as follows. Add from a micro-pipette, along the starting line CD of § ;, 


_ chromatographic paper, about 10 pe of each tocopherol being investigated. Thesolutionsof § 
‘ _ tocopherols in benzene, described above, are convenient for this purpose, 10 pl being a satis- | a 
oe factory amount to add to the paper. Then add the test solution in the usual fashion. Iti sf 
important that the tracers be added first, to ensure their even solubility i in the small amount | > 
of test solution. Prepare a test paper, omitting the tracers, and ru run both papers together. | . 
The tracer tocopherols will migrate to the same positions as those in the test solution when 9 
Unsatisfactory chromatograms—Ii the developed papers are still damp with 
Solvent, observation of the spots under ultra-violet light i is unsatisfactory. toe: i 
a tocopherols seem to have migrated too far in the first dimension or if ‘they are § 
- - poowly separated, it may be because the papers are stale; the zinc adsorbent deteriorates in 
Va time, especially in a humid atmosphere. If the tanks are shallow and are not lined with filter- 
_ ‘paper, excessive evaporation of solvent from the front may occur; this causes fast running and 
as mi) poor separation of bands. _ Alternatively, the solvent in the first tank may need modifying. 
. has been found that, under the conditions that obtain in some laboratories, 25 per cent. of : 
benzene in 1 cyclohexane is sufficient. If the tocopherols do not appear to have migrated F 
enough, it ‘may be necessary to increase the benzene to 35 per cent. "Some members of the 4 . 
_ Panel consider that 0-5 per cent. of ethanol in cyclohexane produces a as good chromatograms . 
. as do the benzene - cyclohexane mixtures, but this percentage is somewhat critical and difficult 0 
as to maintain in the tank. If the migration of the tocopherols in the second dimension is 
abnormal, the solvent in the second tank may be at fault: it be 


4 


with: other lipid materials. Spots ‘that “absorb ultra-violet light and do not reduce 
chloride, as well as spots that fluoresce, are not tocopherols. If large amounts of interfering 
al substances are observed on the paper, saponification may have been incomplete or the treat- 

es ment with floridin earth ineffectual or the oil one requiring the ‘‘removal of sterols” step. _ 
_. ‘When lipids of very low potency (say, less than 0-05 mg of total tocopherols per ge) 
are being analysed, two further difficulties in the paper chromatography are occasionally 
a "encountered, particularly if the lipids have been extracted from certain animal tissues. _ Even t 
_": according to the recommended method (including the ‘ ‘separation of 


” 


© 


; are. sterols’ step) has been performed, the residual tocopherol fraction may contain substantial 

amounts of hydrocarbons and other inert material. Because of the low tocopherol content 
‘a oa the sample, the fraction has to be added to the starting line of the paper in such an amount 
ee that not only does the first dimension become clogged for several centimetres along its length, 
gi but also an immiscible barrier may form at the paraffin boundary along the line DG. Toco- 
fea pherols may be trapped in the barrier; if this happens, no separation will take place. Some- 
a oy times the phenomenon leads to streaking over a large area of the paper. ~ One device that has 
as ; proved successful in dealing with many of these difficult materials is a modification of the 
floridin earth After normal of the column, to the wash with 


materials, 2) in 5 ml of light and add the solution to the of the column. 
S Develop the column with 25 ml of light petroleum. Discard the filtrate, which contains weg 
oe is the interfering substances, and elute the tocopherols with the normal 30 ml of acne: 


pepe 


=A 


a age of two or three papers. When the developed chromatograms are scanned, the one with the Se 
— E 
stu 
— 
% 
i 
OF 
‘ene 
A. 


The factors given in the recommended method have bee 4A 
_ study i in several laboratories, and it is unlikely that the individual poet will want to deter- 


_ mine them for himself. _ The determination of tocopherols by the ferric chloride - dipyridyl 


| in the opinion of the Panel, the recommended procedure has eliminated most of these effects, 

C as causes of variation. Those that remain—due to variations in temperature, humidity and 

in _ purity of reagents—are not normally under control; in any event, the factors are not likely _ 
_ to vary by more than 2 per cent. between different laboratories. If the analyst should wish, — es 
_ for the most accurate work, to determine any factor in his own laboratory, he should procure 
a sufficiently pure specimen of the tocopherol concerned and carry out some determinations ~ 
ce for a while at two or three different levels of tocopherol. © In a he is m most st likely — 


_to be interested in the accurate determination of a-tocopherol. 


tocopherols < are stable substances. are most vulnerable to oxidation 


_ in the presence of traces of alkali, and the necessity for care and speed during the saponification 
stage has already been stressed. Strong light, abnormally high temperatures and the presence 
of ozone or ammonia in the air : have all been found to affect the tocopherols during paper 
chromatography . Chromatograms should not be left in the dry state for longer than neces- _ 
sary. For useful information on ‘paper chromatography, including hints on cleanliness in 


dl In the course of 5 years years’ ’ work, the members of the Panel carried out 20 different collab- 


orative tests, the numbers participating ranging from three to seven. Every stage of the 


is r recommended method was checked, and the determinations included both recovery experi- 


= and analyses of “unknown” samples. It is not proposed to attempt here to sum- 

marise all these tests, but it seems desirable to illustrate by example the kind of work done 
_ and the kind of results obtained. _ We have therefore selected for presentation, as Tables II 
and III, tests designed to settle two specific issues, both of which have been canvassed in 

‘ connection with already published methods of tocopherol determination. They deal with 

_ the practicability of quantitative tocopherol recovery after the recommended saponification $e 

procedure and with the ability of the floridin earth p adeception to remove tg substances | 
sample of  wheat-germ oil was by the The non- 

i saponifiable fraction was dissolved in ethanol and total reducing substances were measured, — 
_as if they were all a-tocopherol, by the recommended procedure. The analysis was repeated, 
after adding 1-5 mg of a-tocopherol to the 1 g of oil taken. Each determination was made f 

_ two levels and reported as ‘‘tocopherol equivalent” in mg per g of oil. Table I summarises i 
_ the results. © The mean recovery was 95-4 per cent., and the standard error of this mean was z . 
-§ +1-5 percent. The difference of the mean recovery from 100 per cent. is, therefore, signifi- 


oe t P > 0-05) and shows that a small loss may occur durin; sa onificati on. ge a ha 


EXAMINATION OF "SEPARATE AND ‘COMBINED > PROCEDURES 1 R SAPONIFICATION, 


gram of wheat-germ oil was saponified; its “ 


and oxerreees as mg per g- (Result a, Table III.) A gram of wheat-germ oil was saponified ; 


tocopherol “equivalent” aetermined 
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Oo in the “tocopherol equivalents” as expressed i in column a). 


Recovery OF AN OIL BEFORE | 


AFTER FLORIDIN EARTH AND _STERO 


“Tocopherol equivalent,’’ mg per g of oil 
f 
G. 279 2-63 2-69 0-16 0-06 


. — A gram of wheat-germ oil was saponified ; the sterols were removed from thes non-saponifiable- 


- fraction by the recommended procedure. The purified tocopherol fraction was then —— 
es atographed on floridin earth and the ‘‘tocopherol equivalent’’ was measured. (Result c.) _ 
__ The three groups of results in Table III express analyses at different stages of the recom-— 
- mended method. The figures under a — 6 do not signify a real loss of tocopherol, since the 
floridin earth column is intended to remove non-tocopherol reducing substances (which appear 
_ The values under b — c, on the 
oe other hand, suggest a possible small loss of tocopherols during removal of sterols by freezing, 
the difference between the means is not significant. 
During statistical examination of the results obtained in this test, duplicate and triplicate 
determinations i in individual laboratories were studied. The internal precision (“repeat- — 
ability,” within laboratories) was significantly higher than the external precision (“‘reproduci- 


ee typical commercial oil was fortified with additional amounts of tocopherols. : Samples _ 


- of each oil, fortified and unfortified, were sent to each collaborator for analysis by the recom-— } 
RECOVERY TEST ON TOCOPHEROLS ADDED TO AN 
Oil X was produced by the addition of natural - - and toce herol to oil V. 
added per gram of oil were a-, 186 -, 191 166 
Tocopherols found in oil X ‘Recovery of — 
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benzene were aed for the 
he only departure from the recommended method ade 
elution from the floridin Appendix I, 4). rst 


Laboratories B, D, F and G had taken part in most of the previous tests and so were 
experienced i in the recommended procedures. dangers of arguing too 
from tests of this kind are known to the Panel, but 1 nevertheless it is believed that the result 
| do bear out the satisfactory nature of the m ethod as a whole. The ‘results, apart from tw 
- of the figures for recovery of 8- -tocopherol, are considered to give a reasonably good forecast 
_ of those to be expected from other analysts. Laboratory H carried out the analyses of this 
_ test without any previous experience in the procedure and reported also that the work was _ 
done under “‘unusually difficult conditions. The results for «- and y-tocopherol obtained by 
- this laboratory agreed well with the others, and in the Panel’s view this is good evidence that i: 


the procedure recommended can be successfully followed by skilled analysts. The low 

_ recoveries of §-tocopherol reported by Laboratory H, and in two other analyses, were almost 
certainly due to incomplete elution from the floridin earth column. Since this collaborativ 

test was completed, the volume of benzene recommended for the elution has been increased 2: 
_ by 5 ml, which, in the opinion of members of the Panel, will avoid - snag. ee 


‘COLLABORATIVE TEST ON THE FULL ANALYTICAL PROCEDURE FOR o1Ls— 


. The results in Table V record another collaborative test by members of the Panel. Bi 2 ag 
ia ‘They illustrate some of the unavoidable vicissitudes encountered by those taking part as oa 3 


_ and the sample of chick meal should all be analysed by the approved method in six different _ = 
_ laboratories, in duplicate by each analyst and when possible by more than one analyst ineach 
laboratory. In the event, circumstances decreed that the tests could only be completed in — 
_ three laboratories, for reasons that have no relevance to the validity of the methods used, and — 
also that not every test could be done in duplicate. As some compensation for these defects, — 
it was found possible i in one laboratory for three analysts to examine all three samples. i 
departure from the originally planned scheme had as one consequence that no — method 


of statistical evaluation could usefully be applied. = 3 


Typicat QF, RESULTS | “OBTAINED IN _ COLLABORATIVE 


Tocopherols found in Tocopherols 1 foundin Tocopherols found in chick 
oil Y, pgperg per ge per 


A 1827 757 156 2740 8 362 pen 2 
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A Polarograp phic Method for Determining Nitrate 


D 
(Central Institute for ion and Food Research T.N.O., Utrecht, The Netherlands) 


Shs A polarographic method for determining nitrate is described ; it is based on  &§ ph 


the nitro compound at a dropping-mercury electrode, the diffusion current 

being proportional to the concentration of nitrate originally present. The 

effects of nitration time and interfering substances, such as chloride, nitrite i dui 

and amino acids, the completeness of the nitration reaction and reproduci- \ pe 

ae ear bility have been investigated. The method is suitable for the determination > 

Be ‘Tue determination of nitrates in heavily contaminated solutions, such as meat-curing bri: 

i of special interest in the meat industry, but constitutes a difficult analytical problem. —  . 

a _ The usual polarographic procedures involve the catalytic action of polyvalent cations, ) 

such as molybdenum! or uranyl ion,? on the reduction of nitrate ion. Ingram* used cerium" 

jon for the polarographic determination of nitrate in brines. We found that organic com- 

ey: . pounds present in brines and meat extracts affected the polarographic wave obtained with ne 

_ molybdenum or uranylion. An irregular shift of the half-wave potential occurred, together _ 

_ with serious distortion of the reduction wave, and it was difficult or impossible to measure © 

___ _Nitration of phenoldisulphonic acid results in the formation of 6-nitrophenol-2 : 4- 

_ disulphonic acid and an extremely small amount of picric acid. This reaction forms the basis: ; 

of many colorimetric procedures. It was shown that the nitro group of 6-nitrophenol-2:4-_ 


acid was reducible at a electrode and gave w waves, 


The: nitration. of phenoldisulphonic by small amounts of was 

_ A 5-0-ml portion of standard nitrate solution was placed, by pipette, in a small Pyrex 

- dish and evaporated to dryness on a bath of ee water. + To the residue were added 2 ml 

of phenoldisulphonic acid Reagents,” p. the dish was replaced 
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NITRATE IN MEAT AND MEAT-CURING AOE! 


water. "Miter the solution had been it was transferred to the 
cell of a _ polarograph, and, after oxygen had been removed by passing nitrogen through the — o 
-— solution, a polarogram was recorded between 0-0 and —0-7 volt against a mercury-pool anode. — 
-}  __ Anitration time of 3 minutes is sufficient at the temperature of the bath of boiling water; . 
longer nitration times, up to 30 minutes, have no effect on the results. 
_ Experiments showed that the nitration product is stable for at least 1 hour. After 6 6 
hours, the diffusion current is too low, as can be seen from the following results— nat i 


a The relationship between diffusion current and nitrate concentration is linear, at a ae 

“between 6: 2 and 124 mg of nitrate per litre. The equation of the line was = =485c¢, 


"where iis the diffusion current in arbitrary units and c is the nitrate ‘concentration in parts 
per million; the standard deviation of the constant was +0°0455. 
Analytical experience suggests that a constant proportion of the nitrate reacts with © 
_ phenoldisulphonic acid to form the nitro-derivative. Two methods were used to investigate | 
the completeness of nitration. In one method, the nitro-derivative was formed from known 2 i 
amounts of potassium nitrate and was compared absorptiometrically with known amounts of = 
_6-nitrophenol-2 :4-disulphonic acid prepared by King’s procedure.’ In the other method, cae 
_ the nitro-derivative was formed in the same way and its electron uptake per mole was deter- _ ee ’ 
mined during reduction at a dropping-mercury electrode. att aa 
| The absorptiometric measurements were made at 430 mp with an Engel absorptiometer _ sy 
‘manufactured by Kipp, Delft, The | The solutions of the nitro-derivative had 
The relationship between optical density. concentration was calculated from experi- 
‘ments in which small amounts of potassium nitrate were allowed to react with phenoldisul- — 
_ phonic acid and was found to be d = 0-2295 c, where d is the optical density and c is the 4s 


concentration of nitrate in parts per million; ‘the standard deviation the nstant 


§ These equations show that the values obtained in the two experiments are all on “the same 
straight line. This indicates practically quantitative reaction between 
Coulometric measurement of the electron uptake confirmed this conclusion. The 
number of electrons, m, participating in the electrode reaction was determined by a milli- 
_ coulometric method recently described by Weaver and Whitnack.® As the concentration of — 
| the compound that is reduced enters into the calculation, the concentration of moves oll “f 
“nitrate used to nitrate the phenoldisulphonic acid can be used instead to control the complete- 


_ The pH in ‘these experiments was 0-9 to 1-1, as measured by a hydrogen electrode. 


2 nitrate and -phenoldisulphonic acid can be 


itt Chloride ion commonly y interferes in nitration reactions. che series of experiments was > 
_ carried out with a phenoldisulphonic acid reagent solution consisting of 4 g of phenol, 4 g of i 
water and 100 ml of concentrated sulphuric acid. When this solution was used, it was found © 
that the diffusion current was strongly depressed when chloride ions we TT. incl 
nitration. edt of atyith sists toy HS Jo dor 
_ _ When the amounts of water in the phenoldisulphonic acid reagent and in the residue w 
i decreased, the effect of chloride i ion on the nitration reaction also decreased. ¢ eats 
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to C before the acid reagent solution was added and when, at 
e time, 10 g of phosphorus pentoxide were added to the reagent solution. The reac- 
tion eden hydrochloric and nitric acids does not apparently proceed in absence of water. J 
er The presence of nitrite causes irregular deviations in the polarogram; nitrite must there- § 
= fore be removed from the sample. This can be accomplished by treatment with urea ata J 
_ pH of about 3. After 30 minutes, 0-05 per cent. of nitrite in the sample can be completely - | 
: _ Added amino acids were found to have no effect. The solutions used in these experi- 
Py a ments contained 50 mg each of tyrosine, phenylalanine and glutaminic acid and 47 pg of 


Although tyrosine can be easily nitrated, no deviations were ‘caused b by the of 


the relatively large amount of this compound. 


A photographic recording Heyrovsky-type polarograph manufactured by 


a Se Phenoldisulphonic acid reagent solution—Dissolve 4 g of crystalline phenol in 100 ml of 
‘embaaaaa sulphuric acid. When dissolution is complete, add 10 g of phosphorus pentoxide. — 
= _ The reagent is ready for use when the phosphorus pentoxide has dissolved; it may contain a 
slight precipitate, but thisisof mo importance, 
Hydrochloric acid, 19 per cent. 1 volume of acid, » 1-19, with 1 
acetate solution, 20 per cent. w/v, aqueous. ~ q 


Standard nitrate solution—Dissolve 0-200 g of potassium nitrate in water, and dilute to” 


nit 
Place 5 to 10 g of sample i in a 250-ml calibrated flask, and add 1 ml of 6 per cent. w/v & she 
solution and 0-1 ml of 19 per cent. hydrochloric acid. ‘Set aside for hour at room temp- § Of 
erature, and then dilute to the mark. Transfer 25 ml of the solution to a 50-ml calibrated ff th 

~ flask, add 5 ml of 20 per cent. w/v lead acetate solution, dilute to the mark and filter. br.  % 
p Place 5 to 10 ml of the filtrate in each of two porcelain or borosilicate-glass dishes, andadd —} 
_ 0-5 ml of standard nitrate solution to the contents of one dish. Evaporate the solutions to q 
iy _ dryness on a bath of boiling water, heat the dishes fo for 3 to 5 minutes in an oven at 110° to ; 

2 mi of phenoldisulphonic acid reagent solution to each residue when cool, and place | 
_ the dishes on a bath of boiling water for about 3 minutes. Carefully rinse the contents of a 


_ each dish into a 10-ml calibrated flask with distilled water, and dilute to the mark when the jin 

Pour the contents of the flask, including any precipitate that may have formed, into the a 
Ke electrolysis cell of a polarograph, and remove oxygen by passing a stream of nitrogen eongh + 
the solution. Measure the diffusion current at 0-00 and —0-60 volt against the mercury-pool ‘ 
_ anode, and correct for the reagent blank value. Calculate the concentration of nitrate in the 


_ sample from rom the i increase i in | diffusion « current cau caused Sil the adc addition of the standard nitrate ; 


FOR MEAT AND MEAT PRODUCTS— _ 


Cuta 10-g sample into small pieces, and place i ina 250-ml flask. Add 5 ml of 
6 per cent. w/v urea solution and 0-5 ml of 19 per cent. hydrochloric acid, dilute to the mark 
ak with distilled water, and transfer the mixture to a Waring Blendor. -Disintegrate the meat, 
a and remove the suspended material by filtration. Place 40 ml of the filtrate in a 50-ml 
ame _ calibrated flask, add 5 ml of 20 per cent. w/v lead acetate solution, dilute to the mark, and ~ 
filter. Continue as described under * ‘Procedure for Brines,” beginning at “Place 5 to 10 ml 
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1959) NITRATE IN MEAT AND MEAT-CURING BRINES TARE 
DISCUSSION 01 OF RESULTS 


The of the of the polarographic wave when phenolsuiphonic 
acid i is nitrated in presence of brines and meat is affected by the presence of proteins, salts _ 
; and fat; these constituents affect the viscosity and surface activity of the solution and may ~ 
S also influence the nitration reaction. However, when a standard addition of nitrate was made, — 
as described, Teproducibility was fairly good. - Ten determinations on a solution containing — 
1-00 per cent. of potassium nitrate and 27 per cent. of sodium chloride gave a mean value of ; 
1-006 per cent. of nitrate with a standard deviation of —+0-039 per cent. Eight 
racts from 0-36 to 1-43 cent. all 


nitrate added to 10-g of meat; the results were follows— 


Amount of potassium nitrate added, %.. 312 780 00 
P 


_ Amount of potassium nitrate found, 0-298 0-770 -09 


a _ RECOVERY OF AD D POTASSIUM NITRATE COVER-BRINE 
The sample. of brine contained 0 480 per cent. of potassium nitrate wild 
Amount of staid Total amount of Amount of added 16.00 
potassium nitrate potassium aitrate. otassium nitrate 


1- 422 0-942 

4 opie, series es of recovery experiments was was carried out on known amounts of potassium — 
nitrate added to a . cover-brine containing 0-480 per cent. of potassium nitrate; the results s 


_ shown in Table I. A third series of momrery experiments was carried out on known amounts 


the results w were as. follows— 


Amount of added, % is 

The minimum amount of potassium sdtente: that could be determined by the a 

_ method was 0-015 per cent.; in this instance, however, the relative error was 25 per cent at 

ae thank Dr. P. Hirsch-Ayalon and Mr. B. Krol for suggestions and advice om er: . 


‘ investi ation, an ss J. Jongerden for c carr ing out man of the ex eriments. per 


a {.G., and Robinson, 1944, 66, 1782, 
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Dieldrin is extracted from coffee bar after ‘the ot interfering 


4 
Sve plant material, is converted to the corresponding ketone by the action of boron — se te ia b 


_ trifluoride. The 2:4-dinitrophenylhydrazone is then formed and the red 
colour produced vy interaction with hydroxide 


beetles are for serious damage i in East African coffee plantations, young 
ae trees being especially susceptible to attack. In Tanganyika, a substantial measure of control 
he been achieved by spraying with solutions of dieldrin (HEOD'). As a corollary to these 

- spraying measures; it was necessary to determine the level of insecticide residue on the bark 

as of of the tree in order to define the requirements for an ation spraying programme. ee 


2 ~ metric method for dieldrin, the Doeaibility of wiikeine the epoxy oxygen atom as the functional 
= group for linkage to a chromophoric molecule was examined. Work on the chemistry of 
steroids’ suggested that the boron trifluoride - ether complex might form a ketone » 


colour that could be measured after intensification with = 


a 


s a ide In preliminary experiments, solutions of the boron trifluoride - ether complex i in benzene 
aye i were used, in order to reduce the possibility of side reactions (see House and Wasson”). 
a Although these experiments showed promise, blank values were high. Careful preparation 
_ of the complex from gaseous boron trifluoride and ether at low temperatures, recrystallisation 
= of the 2; 4-dinitrophenylhydrazine and rigorous purification and drying of all solvents greatly 
reduced this trouble. The reaction was carried out at 78° C for 30 minutes; this — was 


hydroxide! was found to be a reagent to. 
Bs the customary ethanolic potassium hydroxide solution for colour development. The final 
= _ colour reached a maximum after 1 minute and was stable for 10 minutes, as can be seen from 


velopment, minutes 
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= 
3 
<4 
— 
wi 
he 
and Weiss’s phenyl azide procedure,? although Gunther, Kolbezen and | 
1 , 3 ie Blinn have reported the formation of a colour from 4 to 50 vg of dieldrin by heating with 4 
— an 
Ox 

a 
1 
| 
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-DIELDRIN IN ‘EXTRACTS: OF COFFEE BARK 
y 
Optical-density measurements were made with a sithelgine SP600 spectrophotometer at 440 mp, 
maximum on the absorption spectrum, see 


tha 


For work on benzene extracts of coffee bark, it was necessary to remove plant pigments . 


and waxes. Although interference from these sources was greatly reduced by passing the 
- extract through an alumina column, preliminary treatment of the solution with calcium — 
oxide and then active carbon was found to be necessary. The extract was then passed through © 
a column containing alumina covered by a layer of anhydrous sodium sulphate to complete — 

the removal of traces of water. However, when the most active grade of alumina was used, 
some of the insecticide was retained on the column. Adjustment of the activity to grade Il 
(see Brockmann and armen minimised this effect and still achieved removal of the plant - 4 
A standard curve was , prepared by applying the proposed method to known amounts a 
dieldrin added to benzene extracts of 10-4 sq. cm of bark surface. After subtraction of “a 
blank value, the optical densities of t Ge m0 x 1088 solutions, measured in 1-cm cells, por 


n triftuoride - - ether complex—Use the shown in Fig. 2 Place 10 to 25 ml 
of ether in flask A, and cool to » —70° C in a mixture of ether and solid carbon dioxide. — 
a slow stream of gaseous boron trifluoride (see Note) through the washing vessel, B, which j is 
f filled to the level shown with boron trifluoride - ether complex, and into flask A. Gently _ 
: agitate the flask, and pass gas until fumes emerge from tube D. Store the complex a 
‘in a container of the type shown in Fig. 3, which permits the escape of any excess of boron _ 
Norze—Formation of the complex is markedly exothermal; this necessitates gradual addition o 
_ boron trifluoride to avoid temperature increase. If the slow rate of gas flow results in ‘‘sucking back,” x 
_ this can be overcome by tilting flask A until the end of the tube is only just below the surface of the — 
_ ether (it is helpful if the ground-glass joint at C is fitted with a polytetrafluoroethylene lining), 
Attempts to increase the flow rate of boron trifluoride apparently cause local overheating, and the aot if, 
resulting liquid, a distinct or brown gives a high blank value. 
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wa benzene with 0-8 5 pe 

~ fluoride - ether complex for 4 hours. Cool, wash three times with “water, once with 10 per | equ 

7 cent. sodium hydroxide solution and once more with water. Heat under reflux with 1 g per — det 
litre each of 2:4-dinitrophenylhydrazine and trichloroacetic acid™ for 6 to 8 hours, and usea Be 
Dean and Stark trap to remove water. Fractionate, heat un Yo 

4 final traces of water, and fractionate again. 


“ha 


| + boron trifluoride - ether 


_ silica “elas 


= 
te. 


ier Wwe at = 
4-Dinitrophenylhydrazine solution—Dissolve 10 mg of analytical-reagent grade 2:4- 
Po dinitrophenyihyaretine that has been twice recrystallised from benzene in 5 ml of 20 per cent. 
Vv /v sulphuric acid. — Prepare this solution freshly each day, and extract with 0-1 ml of benzene 
=i carbonate) for 8 hours at 820°C, and allow to cool in a desiccator over fresh phosphorus 
ad  Alumina—Stir H- -grade alumina with approximately 0-02 N acetic acid at at 80° to 100° C 
me _~ 3 to 5 hours. Allow the mixture to settle, and decant the supernatant liquid. Repeat 
_ this procedure twice with 0-02 N acetic acid and once with water. Dry in an oven for 3 
hours at 120° C, break up any lumps, and then heat at 600° C for 3 hours. Cool to 200° C, 
and store over the to Brockmann grade 


— 

%,, Ethanol—F ractionate_commercial-grade_ absolute ethanol in presence of 1g of 2:4- 

— 

— 

— 

| 

3 

3 

| 


k placing a thin layer of Wi 
equivalent tol per cent. of the of Use as grade il alumina 

“Carbon —Stit g of Darco G60 (obtained from Darco New 
York) with 200 ml of benzene for 30 minutes. Separate the carbon by filtration, and oes ; 
in air first at room temperature and then at 110° C for 4 hours. Reet ey iil ce Ns 

Tetraethylammonium hydroxide solution, 25 per cent. 


Hydrochloric acid, sp.gr. 118. galt 
Place approximately 10 sq. cm of coffee bark in a Soxhlet apparatus, and extract with 
s “benzene. _ After the third syphoning, concentrate the extract to 10 ml, add 0-5g each of © 
calcium oxide and Darco G60 carbon, and swirl intermittently for 5 minutes. Pour the aoe 
| mixture into a 15-mm internal diameter chromatographic tube containing 5 g of alumina 
| covered by 5g of anhydrous sodium sulphate. _ Wash the extraction flask and column with 
two 5- mi portions and one 15- ml portion of evaporate the combined eluates to” 


3 fluoride - ether complex. Heat for 30 minutes at 78° C (preferably i in an oil-bath to prevent — 
_ reaction between the complex and water vapour), and then cool to 0°C. Add 20 ml of satur- 
- ated sodium hydrogen carbonate solution, re-cool to 0° C in 10 minutes, and rinse into a 
= funnel (stopcock lubricated with water only) with 5 ml of benzene. Shake vigor- =i 
§ ously for 30 seconds, discard the aqueous layer, wash with 25 ml of water, and again discard 
7 the aqueous layer. Dry the solution by slow passage through a 15- -mm layer of ep oll as 
_ sodium sulphate, and wash the sodium sulphate with 15 ml of benzene. Remove the solvent — 
_ by distillation i in a water bath. Dissolve the residue in 0-5 ml of ethanol (warm slightly if 
ri necessary), add 0- 1 ml of 2:4- -dinitrophenylhydrazine solution, and set aside for 15 minutes. _ oe 
o Add 5 ml of benzene, and transfer to a separating funnel. Wash successively with 10 ml of caer 
_ hydrochloric acid, sp.gr. 1-18, 5 ml of 10 N sodium hydroxide, 10 ml of hydrochloric acid, _ 
 sp.gr. 1-18, and 20 ml of water. _ Pass ‘the benzene layer through a 5-mm layer of anhydrous 
‘i sodium sulphate into a 10-ml graduated glass cylinder fitted with a stopper, and wash the 
U sodium sulphate with more benzene until the volume is 7-5 ml. Add 2-5 ml of ethanol and ta 
_ 1 drop (approximately 0-05 ml) of 25 per cent. w/v tetraethylammonium hydroxide : solution, ia 
_ mix thoroughly by inverting the cylinder several times, and set aside for 1 minute. Measure 


the colour in a 1-cm cell at 440 my with a Unicam SP600 spectrophotometer; use 


ide 
concentrations likely to occur in practice. The indicate recoveries ies between 


98 and 106 per cent., were as cons 
ee wh Work on the application of the proposed method to aad residues of endrin i is in progress. — b.. 
We thank Professor H. G. H. Kearns and Dr. J. T. Martin for their interest in the idihe Be 
_we also thank the Imperial Smelting Company Ltd. for a gift of a cylinder of boron trifluoride, 


and ind members of their research department f for r guidance in in its smanipulation, = pug, Sor 


**Recommended Common Names for Pesticides,” British Standard 1831:1957. goin 

2 ney Donnell, A. E., Johnson, H. W., jun., and Weiss, F. T., J. Agric. Food Chem., 1955, 3, 757. 

Gunther, F. A., Kolbezen, M. J., and Blinn, R. C., Econ. Ent., 1954, 47, 185. 

4 W. H., Gunther, F. A., Barkley, and Elmer, H. S., Ibid., 1952, 45, 578. 
Agazzi, E. J., "Peters, E. D., and Brooks, F. R, Anal. Chem., 1953, 25, 237. 
Garhart, M. D., Witmer, F. J., and Tajima, Y. A., [bid., 1952, 24,851. | 
Heusser, H., Eichenberger, K, Kurath, P., Dallenbach, and Jeger, Helv. ‘Chim. Acta, 

it Heusler, K, and Wettstein, A., Ibid., 1953, 36, 398. 
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SILICA | 


Ps y E. R. H., ell, ‘Wood, G. W. , and Woods, G. F, 
hem. Soc., 1953, 2921. 
Lappin, G. R., and Clark, L.C., Anal. Chem.,1951,23, 541. 
House, H. O., and Wasson, R. L., J. Amer. Chem. Soc., 1956, 78, 
Porter, C. C., Anal. Chem., 1955, ‘27, hoarse BUT. 
. Brockmann, and Schodder, H., Ber., 1941, 74, ME 
«14 A. S., Benca, M. F., ‘Mitchell, J Amer Oil Chere, 1954, 


‘The Determ 


method is described for determining silica in minerals containing phos- 
_ ss phorus and fluorine. It is particularly applicable to phosphate rocks and the Shion! 
tee Tob slags resulting from the electrothermal reduction of such rocks. 

he method is based on the fact that fluorosilicic acid reacts with 


SILICON tetrafluoride i is lost whied silica i is of 
_ certain fluorine-containing slags and phosphate rocks. This difficulty can be overcome by the 
ele use of methods! involving alkaline fusion, water extraction and precipitation of silica by zinc 
nitrate and carbonate, but the time required is considerable. A possible alternative procedure 
‘ond _was suggested by the fact that fluorosilicic acid,” like silicic acid,* reacts with ammonium molyb- 
_ date to form molybdosilicic acid. The conditions for forming molybdosilicate also favour 


a silicate can be reduced to molybdenum. blue, but molybdophosphate and ammonium mol § 
After the sample had been fused in sodium peroxide and the aqueous extract had been 
Bey: boiJed to destroy the peroxides, it was proposed to pour the cooled extract into an excess of 
q “ig hydrochloric acid. In this way, it was thought, all the silica would be retained in solution as 
aes _ orthosilicic and hydrofluorosilicic acids; any polymerisation of silicic acid would be avoided, 
PM. “ies - since the final solution would not approach pH 8 to 9, at which maximum polymerisation 
a ae, has been reported.’ It was considered to be important to avoid polymerisation, as the higher 
7 _ Silicic acids are less reactive to ammonium molybdate than is the monomeric form.5.* When 
ee ie molybdosilicate had been formed, the acidity of the solution could be increased and reduction 


Ly To ascertain the correct conditions for forming vobbytsdogiiicabe:: the hydrochloric acid 
content of an ammonium molybdate solution was varied from 0-1 to 0-6 N. _ When this solu- 
=f ae _ tion was added to a standard silicate solution, the acidity of the final solution varied between 
--—s- @-028 and 0-39 N. The optical densities of the coloured solutions so formed were measured 
aay in 1-cm cells with a Unicam SP500 spectrophotometer at an empirically chosen wavelength of — 

Je 360 mp. Maximum colour development occurred when the final solution was 0-17 N in 

hydrochloric acid, see Fig. 1. The time required for maximum colour development at this” 

_ acidity is less than 4 minutes, and when colour development is complete, the optical density s 

_Temains approximately y unchanged for at least 180 minutes, which indicates that there is 


a 
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molybdenum blue. Reduction of any molybdophosphate formed is pre-e 
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of 
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nder these conditions, the absorption maximum occurs at 352mp. be 
a yt : | Many workers*,?.§.® have considered it necessary to add boric acid in order to cq ad 
uoride before the molybdosilicate is formed, and it has been suggested’ that fluoride 


“interferes by forming wd that boric acid i is to de- 
the silica (low-stability fluoro complex) and so restore the colour. Under the conditions of 
this particular application of the molybdosilicate reaction, fluorine was without effect ; this 
was verified by allowing aliquots of a standard silicate solution to react with ammonium — 
molybdate under the conditions specified and measuring the optical densities of the coloured 
solutions so formed. This experiment was repeated after 3 mg of fluorine, as sodium fluoride, 

| had been added to each solution. Finally, a series of determinations was made in which - 


of optical density, plotted as comme sages silica content as abscissa, was on a en — 


— 


tay. Concentration of hydrochlorie 


1. Effect of acid 


oak formation of molybdosilicate. Final solution 
contained 50 ml of 1 per cent. w/v acidified — 


0 t. 


_ From previous experience, it was ; thought that stannous chloride could be used to reduce 


i bdosilicate to molybdenum blue. This was confirmed by experiment, and the resulting — 
blue colour had absorption maxima at 636 and 800 my. It was apparent that measurements PS “ 
| at 800 my would have greater sensitivity than those at 636 my, and the former wavelength 7 ‘ 


‘The acidity at which molybdosilicate could be reduced by stannous chloride without = q 
reduction of ammonium molybdate or molybdophosphate was ascertained by adding 10- ml a, - 
portions of a 1 per cent. w/v stannous chloride solution to solutions of ammonium — a 
in which the hydrochloric acid content \ varied from 1-0 to 3-0 N. This experiment was 
repeated with solutions of molybdosilicate and molybdophosphate. ” The optical densities of 
the solutions were measured against water in 1I-cm cells at 800 my and all readings were 
corrected for dilution to 160 ml. The results showed that, when the solution was between 
2-2 and 3-0 N, neither ammonium molybdate nor molybdophosphate was reduced to any ~ 
s great extent, whereas molybdosilicate was reduced to molybdenum blue, see Fig. 2 (a4). 
‘It was found later that, when phosphate and titanate were present together, the blue Bers 
colour was intensified after reduction with stannous chloride, which suggested the formation : 
of a complex with ammonium molybdate. This difficulty was overcome by setting the solu- | 
tion aside for 10 minutes after the acidity had been increased but before reduction. _ Fig. 2 (0) 
shows the effect of this modification on the results by the previous experiments. - Whenithad — 
been formed, the molybdenum blue was stable for long periods. Two minutes after the # 
addition of stannous chloride solution to the molybdosilicate solution, the optical density was 
ed sed to 1-053 es 5 minutes = remained within 
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GREENFIELD: SPECTROPHOTOMETRIC DETERMINATION OF ‘SILICA 


tes. The effect of temperature is more noticeable, see Fea 3: gail, ao 


rif 


‘Concentration of hydrochloric acid Concentration of acid 


Effect of acid concentration on reduction of ammonium molybdate, 


_molybdophosphate and molybdosilicate (2) with no interval between 
in acidity and reduction, (6) with 10-minute interval : curve A, 50 ml of 1 per 
= ah tis cent. w/v acidified ammonium molybdate solution and # ml of 50 per cent. v/v 
val Pex hydrochloric acid; curve B, 50 ml of 1 per cent. w/v acidified ammonium 
_ molybdate solution, 20 ml of 0-0053 per cent. w/v potassium dihydrogen ortho- _ 
Seep phosphate solution and x ml of 50 per cent. v/v hydrochloric acid; curve C, 
560ml of 1 per cent. w/v acidified ammonium molybdate solution, 20 ml of 
@004 per cent. w/v silica solution and x ml of 50 per cent. v/v hydrochloricacid 


iia suitable fusion actiabiiak's had been dev ised and ins necessary adjustments in acid 
_ concentrations had been made to counteract the alkalinity introduced, a calibration curve 
"was prepared by using standard silicate solution, silicate solution with 6 mg of added fluorine, 
_ silicate solution with 15 mg of added phosphorus and standard sodium fluorosilicate solution. 
tery _All the points were on the same straight line, which indicates that the method is free from 
interference by amounts of Suorine and | Phosphorus equivalent to 6 and 15 per’ cent. w/w, 


or" “All reagents should be be free from silica, as the solutions should be < stored i in polythene 


‘ens “Ammonium molybdate stock solutton—Dissolve 50 g of ammonium molybdate i in distilled 
water, _and filter the solution, if necessary, into a 500-ml calibrated mt ar to the mark 
at 20° C with distilled water. ais 
_ Hydrochloric acid, 4 N—Standgrdice, accurately to 42 4 
Ammonium molybdate solution, acidified—By pipette, place 100 ml ammonium 
_ molybdate solution and 75 ml of 4 N hydrochloric acid i in a 1-litre calibrated flask, and dilute 
_ to the mark at 20° C with distilled water, 


mmonium molybdate solution, 1 cent. pipette, place 50 ml of stock 


1-18, in a 500-ml calibrated flask, and dilute to the mark at 20° C with distilled water. 

¥ a Silicate solution—Fuse 1-0 g of pure silica with 10 g of anhydrous sodium carbonate in a 

platinum: crucible. _ Extract the melt in a polythene beaker with distilled water, and when 

dissolution is complete, transfer the solution to a 1-litre calibrated flask. _ Dilute to the mark 
at 20° C with distilled immediately transfer the solution to a bottle. 
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_ Stannous chloride solution, | § per cent. w/v—Warm 2. 5 g of stannous chloride i in 3 ml of ; 
hydrochloric acid , sp.gr. 1-18, until dissolution is complete. Cool, transfer to a 250-ml i. 
calibrated flask, and dilute to the mark at 20° C with distilled water. 


emperature, 


Yo ay Fig. 3. Effect of temperature on 


FOR STANDARDISING 


dissolved, and filter the solution a Green’s } No. 802 into a 
_ beaker. Wash the precipitate with distilled water, but do not rub the platinum dish with a Re 
_ dryness on a steam- on Heat the dish for 1 hour in an electric oven at 110°C. Cool, — 2 
moisten with hydrochloric acid, sp.gr. 1-18, and add a little water as before. When the salts. i 
have dissolved, filter the solution through a Green’s No. 803 filter- paper, and wash the pre- 
cipitate with distilled water, but do not use a rubber-tipped glass rod. Combine the two > 
filter-papers in the original platinum dish, heat until the papers char, po ignite the silica to Se 
constant weight at 1200° C in an electric muffle-furnace. _ Treat the residue with a few drops” eed 
of dilute sulphuric acid and 2 to 3 ml of hydrofluoric acid, evaporate on the steam-bath, and - 
remove the last traces of s ulphuric acid on a hot- -plate.. _ Ignite to constant weight as before. — 

_ Amount of silica present, g per m ike 


Fuse 3-0000 g of anhydrous sodium ‘carbonate i ina tall 10-ml platinum 

diliben gently swirl to form an even lining that extends nearly to the top of the crucible. 
Cool slowly to avoid cracking the lining. Transfer 0-1000 g of sample and 0-5000 g of sodium © 
peroxide to the crucible, and mix intimately with use of a platinum rod. Fuse at a temper- — 
ature not above 750°C. Extract the melt in a covered 150-ml platinum dish with 50 ml “ee 
hot distilled water, and boil for 15 minutes. Cool to room temperature, and, with constant nee 4 

| stirring, pour into a mixture of 55 ml of 4 N hydrochloric acid and 20 ml of cold distilled 

in a 400-ml polythene beaker. Set the beaker aside until dissolution is complete, transfer — “9 
to a 250-ml calibrated flask, and dilute to the mark at 20° C with distilled water. _ Rinse a } 


polythene b bottle two or three times with the store the remainder therein. 
"PROCEDURE FOR DETERMINING 


Test solution—By pipette, place 50 ml of 1 per cent. w/v aqueous ammonium molybdate 
"solution i ina 250-ml beaker, and add, Fe 20 ml of 60 cal of solution. Set 
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| ad ilicate solution in a platinum dish, acidify with 
r ae acid, sp.gr. 1-18, and evaporate to dryness on a water bath. Moisten the residue with hydro- a. a 
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GREENFIELD: : THE SPECTROPHOTOMETRIC DETERMINATION OF SILICA 
d hydrochloric acid, mix well, and set aside for 10 minutes + 5 seconds at 20° + 1° 
10 ml of 1 per cent. w/v stannous chloride solution, and set aside for a further 5 inutes uate 
seconds at 20°+1°C. seth sitive DOE of at + Bn 
= Compensating solution—By pipette, place 50 ml of 1 per cent. w/v aqueous ammonium 
ie molybdate solution in a dry 250-ml beaker, and add 60 ml of 50 per cent. v/v hydrochloric 
acid from a burette. By pipette, add 10 mil of 1 per cent. w/v stannous chloride ocbution and 
- then 20 ml of sample solution. Set aside for 20 + 1 minutesat 20°+1°C. 
Measure the optical density of the test solution against the compensating ‘liddien in 
 J-em cells at 800 my, and determine the amount of silica in the sample by 1 reference toa 


Carry out the entire method on a blank of 


OF CALIBRATION GRAPH— 


i eigh accurately 2-0, 1-98, 1-96, 1 94, 1 92 and I- 90 ¢ g ‘of anhydrous sodium carbonate 
: p= six 250-ml polythene beakers, and dissolve each portion in 100 ml of distilled water. Add 
Be to the six solutions 0, 2, 4, 6, 8 and 10 ml of standard silicate solution. Transfer the solutions | 
to six NPL grade A 250- ml calibrated flasks, and dilute each to the mark at 20° C with 14 
distilled water. Store the solutions in polythene bottles. 
_ Prepare test and compensating solutions as described above, , but use acidified ammonium 
molybdate solution in place of 1 per cent. w/v aqueous ammonium molybdate solution. 
Measure the optical densities of the solutions against the compensating solutions, subtract 
+ - the blank value, and plot a graph of corrected optical ¢ density é against amount of silica present. 


aan Rant Nore—The stipulated additions ar and conditions m must be closely adhered to if the rethod is tob 


content, Procedure wed 
1-247, 2-246, 2-249, 2-246, 2-247, 
2-250, 2-251, 2-249, 2-247 


ot 6-080, 6-100, 6-075, 6-100, 6-125, 
6-100, 6-103, 6-105, 6-100, 6-080 to bids te | 
10-30, 10-50, 10-35, 10-55, 10: 30, 10-405 Spectrophotometric 
1025, 10-30, 10°55, 10-50, 10-45 ie to, 

1080, 10-30, 10-30, 10- 20,1035, 10-39 
10-55, 10-35, 1045, 10:55, 10- ‘55 
te 


AND CONCLUSIONS 
hag 


the three slags were synthesised in an furnace ; 
= Pi contained approximately 50 per cent. w/w of aluminium oxide, 40 per cent. w/w of : 


ain 611, 6-09, 6-08 


_ amounts of iron oxide, sulphate, sulphide, magnesium oxide and alkalis, _ The silica contents 
at the slags, which were free from fluorine and phosphorus, were determined gravimetrically, 
4 every possible precaution being taken to ensure the accuracy of the analyses. The slags were § ; 
_ then analysed by the proposed procedure, 3 per cent. w/w of both fluorine, as sodium fluoride, b- in 
and phosphorus, as sodium dihydrogen. orthophosphate, being added at 1 the fusion stage; 
& the determinations were carried out by an assistant who had only a few hours’ experience a 


| 
Wy 
7 
¥ 
TE 
— 
ha 
— Lt 
ar 
— 
— 
( 
| b 
— b 
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uantitative | 
by Atomic-absorpt 


By R. LOCKYER anp -HAMES 
(H Iger & Watts Lid., 98 St. Pancras London, 


| OF APPARAT 


and Watts hollow-cathode lamps were v used as line ‘sources, the cathodes 
having liners made from the appropriate metal foil obtained from Johnson, Matthey & Co. _ 
Ltd. Power for the lamp was obtained from a Hilger FA41 stabilised-supply unit. A stan-— ‘ 
dard Uvispek H700 spectrophotometer fitted with a Hilger H909 atomic-absorption belted : 
ment was used. This is a new attachment, and its mode of operation can be seen from Figs.1 
and 2. — Fig. 1 shows the spray, spray chamber and sample beakers. The simple coaxial me 
spray is made of Perspex and ebonite. The spray unit is connected to the burner unit by a = 
poly(vinyl chloride) tube, this arrangement being adopted to permit the operator to remain _ An 
at the spectrophotometer 1 while he manipulates the samples. Fig. 2 shows a rear view of the | a 
burner unit with the cover removed to show the Meker- -type burner. The spray is operated — 7 

by compressed air at about 15 1b per sq. inch, and the burner burns ordinary town gas; 
consumptions are 17 litres of air and 5 litres of gas per minute. Light from the hollow- cathode pd 


beam then traverses the flame and is focused on the entrance slit of the specttophotometer 
by the lens at the inner end of the burner housing. This lens is arranged : so that the flame ~ 
is de-focused to minimise the effect of any flame emission. 
a After the lamp has been aligned and the wavelength- drum set for the appropriate line, 7 
| the spectrophotometer is set to zero with the shutter closed. - Distilled water is then sprayed 
Ea the flame, and the spectrophotometer i is balanced on the “check”’ position, 7.¢., the signal * 


from the lamp is made to correspond to zero on the optical-density scale. _ A solution of the a tg 
metal is then sprayed into the flame; this reduces the signal from the lamp, owing to absorption © ene 


ca the flame. The reduction in signal i is oaltrwrgay | Aycan as an optical density, which — 
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Silver, gold, platinum, rhodium and palladium have been quantitatively - 
determined in concentrations down to 1 p.p.m. in solution. Reproducibility \ 
— good, and no inter-element effects were found, even when excesses of lead 4 
and iron were present. A complication peculiar to gold is described. 
THE technique of atomic-absorption spectroscopy has been described recently.1,2,3.4 
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LOCKYER AND HAMES: THE ‘DETERMINATION (OF 


of sample solutions can readily be found. Table I the current, the. 
_ Spectral line used and the optical densities corresponding to the introduction of different 
amounts of metals into the flame. Eleven determinations were made at each concentration, 
and Table I shows the mean of these, together “— the standard deviations. — Calibration 
te plotted from the results areshown in Fig.3. 


2 


water. Ste 
— 


. Calibration graphs: curve A, silver; curve B, | 


gold; curve C, palladium; curve D, rhodium; curve nar 


m rout is the ‘mean of eleven determinations 


0041 0-0007 00110-0007” 6 012 + 0-0007 0-004 + 0-0007 
0- 0-0 + 8 011 £00008 
0- 


>2¢ 
+! 
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0-004 + 0-053 0-0008 0-020 + 0-0011 
0005 101 + 0-0011 0-040 + 0-0012 
0-013 + 0-0010 SOS 0-046 + 0-0009 
(0-274 0-0000 0-027 + 0 00009 0-218 + 0-0015 
0-100 +0-0012 0-374 0-139 + +0 -000 
Silver was at 3281 a and a hollow-cathode current of 10 mA 
Gold was determined at 2428 a and a hollow-cathode current of10mA 
pt Platinum was determined at 2659 a and a hollow-cathode current of 36 mA 
. phemnseae Palladium was determined at 2476 a and a hollow-cathode current of 50mA 
Rhodium was determined at $435 and a hollow-cathode current of 20mA 
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SOME NOBLE METALS BY ATOMIC-ABSORPTION SPECTROSCOPY 


an nextel’ being made for silver, as solutions of the other metals contained chloride ie eters, Z 
ever, r, the presence - a — suspended silv er chloride did not affect the determinations of th 


| also examined, since ‘ecumanaiecae large amounts of these elements would be present —?- 
determinations; no interference was found. With gold, care had to be taken to oxidise iron 
completely, or gold was lost by reduction to the metal ; this loss was by no means instantaneous 

nor was it immediately obvious, as it was some time before a visible precipitate was formed. _ 
Another complication with gold, which at first caused difficulty in obtaining consistent results, 

was that, at a given concentration, the absorption decreased as the burner warmed up. — _When % 

a water- -jacket was fitted round the top of the burner, reproducibility became good. No 

| such effect was observed with any of the other metals studied. In explanation of this effect, ie 
it is suggested that when the burner top| became hot, the Telatively unstable gold salts in the - 
solution decomposed to form metallic gold before the solution entered the flame. The i 
of gold so formed, — small, were not atounic hence 


| 


and the platinum-group metals. Sensitivity ‘is adequate, reproducibility is good 


We thank Dr. A. Strasheim, National Physical Laboratory, Pretoria, for his 


suggestion that a new analytical method for these metals might be desirable, and Dr. A. C. a y 
| Menzies, Controller of Research, Hilger and Watts Ltd., for his and for 
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‘The ‘Identification of | 


Fragments by ‘their ‘Physical Properties 


haol bats now lo of T ~ D. NELSON oa ni. Ti. 
(The Dominion Laboratory, P. 0. Box No. 562, Dunedin, New Zealand) 
Some physical properties of glass from fifty different Lucas 700 headlamps atslque « 
_ have been measured with a view to studying their usefulness in the identifica- = 
“alles! 8 tion of fragments in forensic work. The variations in colour and hardness — Fatt: 
are sufficient to permit classification into several groups. Comparativedensity 
_ observations permitted the greatest differentiation between samples, only two fies 5 
pairs of samples being indistinguishable. Each of the fifty | could 
be distinguished with certainty from the others. 
The observed values for density and with spit 
variations in colour and hardness, are reported with brief statistical treatment. + BORG! 


With the possible exception of density and refractive index in the small lower- 


sion and fluorescence of the samples were found to be of no practical use. 
‘The results can be used to calculate the probabilities that two glasses from 
different would be indiatinguishable in aay instance. 
THE value of the comparison of physical properties of in ‘the investigation 


a0. ‘of crime is well known.’* Even when glass samples are of closely similar origin, ¢.g., beer 
ie _bottles,3 the physical properties have been reported as being sufficiently varied to permit 
identification of individual samples in many instances. Modern headlamp glasses have been 
oa _ studied by Burd and Greene,‘ but their work was done with “sealed beam” headlamps, as | 
ce used in the United States of America. Claims for probabilities that glass samples from 
"4 _ different sources will be distinguishable® are based on comparative observations of a number 
of samples without reporting numerical values. 
_ ‘The present study arose during the investigation of a “hit-and-run” motor collision. 
. = It was necessary to determine whether the glass from one Lucas 700 headlamp ‘could be 
e: distinguished from others of the same make. When investigating a motor accident, in order 
to determine whether broken glass came from a suspected person’s car it is necessary to con- 
sider two questions, (a) what is the probability of getting differences as large as those observed 
ret from two samples of glass from the same headlamp, and (b) what _— of confidence * 
_ there that the two samples came from the same headlamp? eo = ~— 
In order, therefore, to allow a mathematical treatment of these questions, and also * ; 
future use, individual determinations were made of density and refractive index, and values [ 
were assigned for colour and hardness. A knowledge of the way in which | properties are 
distributed over the population at large, and also within individual headlamps, is useful 
_ (but not essential) for answering the first question and is essential for answering the second. 
It was found that most modern British motor vehicles in New Zealand are fitted with 
_ Lucas 700 headlamps with the block pattern glass, i.¢., a 7-inch diameter headlamp glass a 
with the word “Lucas” moulded in a circle in the middle of the glass and the words = 
Headlamp’ embossed on the lower part of the lass. 
— from Atty Lucas 700 headlamps was obtained from | motor-repair depots i in Dunedin 
between December, 1955, and October, 1956. In order to ascertain the variations within 
; individual headlamps, six of the he fifty glasses were sampled at centre, top, bottom, left side 
ss The density of each fragment was determined by flotation in bromoform diluted with 
_ which was chosen because its vapour pressure at 20° C is close to that of bromoform.® 
The volume used was 10 to 15 ml, contained in a stoppered cylinder and maintained at 
~ 20-0° > + 0-2°C in a water bath, xylene or bromoform being added dropwise until the glass 
fragment was suspended. _ The density of the flotation liquid was determined in a density 
pen 1 
ee i ee oye density tests were made with two chips of glass together in the immersion §f 
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June, 1959 FRAGMENTS BY THEIR PHYSICAL PROPERTIES 


When the e difference in density was extreme 
by varying the temperature. 

The refractive index of small chips was by the Becke line 
‘the chips were immersed in liquids of known refractive index, usually mixtures of castor oil 
and clove oil. Observations were made in a room that was carefully adjusted to 20°C — 
(20° + 0-5° C), as a variation of 1°C altered the refractive index of the immersion liquids - 
by 0-0004. In addition, selected samples were ground and polished, and their refractive — 
indexes were measured with an Abbé refractometer at 20° C, «-bromonaphthalene being used — 


as the contact fluid and sodium light for illumination . The refractometer was calibrated et 
by using a standardised glass slip (np = /1-5208). Dispersion was measured at the same 
time by using white light and taking readings from ing drum of the 


Six arbitrary colour standards were selected from g the ‘These. = 
e _ assigned numbers from 11 to 16 and ranged in colour from very pale aliae through colour- 


_ &f less to either pale blue or green. The remaining samples were then compared ‘with the 
__ & standards and placed in six corresponding colour groups. For these comparisons, fragments — 
he “at least 1 cm square were used. If necessary, , however, small fragments can be compared 
; _ §) for colour under a low-power binocular ‘microscope, | but great care must be taken to > compare 

7 _ Arbitrary standards of hardness were chosen from among the samples by determining 
their mutual scratching powers, as recommended by Tryhorn.? _The fifty samples were then | 


sad of the fragments that can be used is limited by the ability of the ‘operator to ‘hold eran 5 
as | ____ Lhe fluorescence of the samples i in ultra-violet light was observed by using an an Osram 
vapour lamp with a Woods-glass bulb (wavelength approximately 3000 to 4000 4). 
= The values. for ‘density, index. colour are im 
Table I, in which the samples are arranged in ascending order 
nag ‘Under the conditions used for determining density, the standard deviation for six 
a | replicate determinations was +0-001 g per ml. It is estimated that the results are within os 
all instances when the determined densities differed by less than 0-004 g per ml, 
a comparative density tests were carried out. In comparative density observations, it mas 
Sl found that a temperature rise of less than 0-2°C altered the density sufficiently to cause 

° — a floating glass chip to sink. It was also found that one immersion liquid varied in density — oe 
| ful from 2-5142 to 2.4996 g per ml when the temperature was raised from 17° to 23° C. Hence, — a 
w " | a temperature change of 0-2°C causes a density change of 0-0005 g per ml. From this, it ae 
ith can also be calculated that a temperature rise of 1° C causes unit volume of the immersion _ of 
a } liquid to increase by approximately 10 x 10-*. The coefficient of cubical expansion of glass — he 
100 is approximately 0-25 x (expressed as increase per unit volume per °C). The je error 
caused by expansion of the glass sample can therefore be disregarded in this work. 
a _ When comparative density observations were carried out on five chips from different ome ee: 
. parts of the same headlamp, a temperature rise of less than 0-2° C was sufficient to cause 
di _ — all five chips just floating to sink. _ It was therefore apparent that density differences between 
thin - chips from the same headlamp are within the limits of sensitivity of the method, viz. ae ug ; 


3 _ It was estimated that refractive indexes determined by the i immersion method would — 


- 4 be within +0-001 of the true values, and this was confirmed by the measurements made on — 
a 6 | selected samples by using the Abbé refractometer. The values measured with the refracto- 


is _ The maximum variations in refractive index found in samples from different parts of e 


same headlamp was 0-0002. As the values were subject to a possible error of +0-0001, this — 
variation is at the limits of significance. 

Eleven of the fifty samples were examined for dispersion . As the values 

; - found ranged from 0-0082 + 0-0003 to 0-0087 + 0-0003, it was evident that this property is 
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: BS obs In the s ‘six tests when samples from different parts of the same headlamp were compared 
Se for colour, one sample was chosen and the remaining four were compared with it. In no 
ia instance was it possible to distinguish between them. As the six standards by which the J 
_ whole population was divided into classes were distinguishable, the variation within an } 
individual headlamp is less than the variation between the standards on either side. _ 2 
a __ Similarly, samples from different parts of individual headlamps were indistinguishable _ 
0 i hardness; the variation in hardness within individual headlamps is therefore less Sg 
the variation between the standards on either 
a _ When all fifty samples were examined under ultra-violet light only two (Nos. 38 and 48) 
could be readily distinguished from the remainder. As both these samples were at the dd 
__ or green end of the colour scale, the use of ultra-violet light did not — the differentiation 


. Density at 20° C, Refractive index Colour Hardness, 
5 
34 2520 1517 4 
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as Although of the have the same values of density or have values within 

the limits of experimental error, only two pairs (samples Nos. 28 and 29 and samples Nos. 7 3 - 
and 14) were indistinguishable by observing comparative density. Samples Nos. 28 and 29, 
which were indistinguishable by density alone, were slightly but distinctly different in oe 
refractive index and different in hardness. Samples Nos. 7 and 14, although indistinguishable_ = 

in refractive index, were distinctly different in both colour and hardness. In agreement — 
with the observations of Marris,) it was found that density is a more useful property than - 
_Tefractive index for distinguishing between different glasses. This disagrees with the general 
observations of Gamble, Burd and Kirk’ in their study of a large number of ome from 
a _ The densities of the fifty samples studied show marked bimodal distribution, possibly — 
owing to some change in the manufacturing process. . Eighty-six per cent. of the samples — 
appear to belong to one distribution (mean, 2-5520 g per ml; standard deviation, +0-0266g 
‘per ml) combined with another group (mean, 2-4747 g per ml; standard deviation, +0-0019 ae 
per ml), which forms 14 per cent. of the samples. — Although the distribution of the larger 
_ group is slightly skew and slightly leptokurtic, it is probably sufficient not only to treat it e 
as normal because the description, which is based on a relatively small sample, is obv iously 
af approximate, but also to regard the whole population as a combination of this — . 
of a smaller group concentrated near 2-47 g per bale 13% 


Colour and values were determined on scales and can cor 

pared only with internal standards. Although the standards cannot be transferred, an — 
indication is given of the degree to which other workers can divide the > headlamp populations. ea 

An attempt was made to divide the ranges in a uniform manner. As the divisions into 

groups were at the limits of distinguishability, it is possible to aie from the borderline - " 

of one group into the next group when colour and hardness are re-assessed. Two samples — 

from the same source might be classified in adjacent groups: if if compared w with the standards, _ 

but not if a direct comparison were made. 
9 Colour distribution is substantially unimodal, being colourless at the centre and tapering - 

| to pale yellow at one side and bluish at the other, with one sample (No. 48—a distinct green) _ 
distinguishable from the remainder. The mean value of the guep numbers assigned nada i. 
colour (11 to 16) is 13: -4 with a standard deviation 


The ‘distribution for hardness appears to be unimodal (mean 3- 8; standard deviation 
t. ‘The numbers assigned for colour and hardness are such that, if treated as quantitative | oa 
‘measures, the distributions can be regarded as normal. 
__ If these various measurements are to be used together as evidence of identity, it is em © 205 
desirable to know whether they are interrelated. The values reported were plotted and iu 2 
examined on scatter diagrams. _ With the exception of a possible correlation between refrac- _ 
tive index and density in the samples in the lower-density group, there seems to be no evidence a 
§ of correlation between any pairs of properties. The samples in the lower-density group have Ed 
lower refractive indexes than have the remainder of the samples and the spread of refractive- 
index values is low for this group. . If this be true in general, then, if a headlamp belongs to Bi 
this lower-density group, the extra evidence supplied by the refractive index is less useful he 7 
than if the headlamp belongs to the higher-density group. bang 
__ When it is desired to determine whether the glass found at the scene of an accident ‘es 
came from a broken headlamp of a suspected person’s car, the first question to be considered — 
is “What is the probability of getting differences as large as those observed from two samples — “ " 
of glass from the same headlamp?” Within individual Lucas 700 headlamps, variations © a 
of the properties studied were found to be too small to be detected by the methods used. “3 
If two samples of glass come from the same headlamp, differences in physical properties cannot — 
normally be detected. With more refined methods, or possibly with certain particular a 
headlamps, measurable differences might be observed from place to place within the headlamp. 
In such an instance, if several fragments of glass from each source are available, the question 
may be answered ‘by means of well established statistical techniques such as S Student T-te 
or randomisation tests. 
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If the glass samples from the two sources are or if the 

ere mentioned in the first question is not small, then the hypothesis that both samples of glass 
€ame from the same headlamp is tenable. The second then follows, “What degree 


of confidence is there that the two samples came from the same headlamp?’’—+.e., “What — 


Bee _ is the probability of getting equal or better agreement by chance?” This requires a know- 
_ ledge of the distribution of properties over the population at large and also within indi- met 


4 __ Such knowledge of the Lucas 700 headlamp population is given here, and details o 
the calculations necessary to answer this question will be given elsewhere. vist Ap 


I thank Miss V. Z. Symonds for technical assistance in the later stages, Mr. O. H. Keys, 
overnment Analyst, Dunedin, for advice and criticism, Dr. R. M. ‘Williams, - Director, 
| Applied Mathematics Laboratory, , New Zealand, for statistical guidance, and the Director, 
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_ A SYSTEMATIC SCHEME OF SEMI-MICRO QUALITATIVE ANALYSIS FOR 

ANIONIC SURFACE-ACTIVE AGENTS: AN ADDENDUM fo 

a % In our paper! on this subject nine special tests were referred to as being used several times in the a 

scheme. Only were in fact the ninth test, which is very similar to a 


ee «9. Hydrolysis with syrupy phosphoric acid—Place 5 mg of ‘the active snaitdeiél at the bottom 
, ay of a boiling tube, taking care that none adheres to the side of the tube. Add 0-2 ml of syrupy 
Soe: be phosphoric acid, place the boiling tube in the heating block and heat for 10 minutes, maintaining 
__ the contents of the tube just below the boiling-point. Cool and, with the dropping-pipette, transfer 
a the contents of the boiling tube toa a . semi-micro test- tube, dilute yee an n equal volume « of water 


to litmus with 15 per cent. sodium carbonate solution and extract hres times with 0- 5-ml portions 
of light petroleum - ‘diethyl ether mixture (1 + 1). Combine the solvent extracts, ‘wash three 
_ times with 50 per cent. ethanol and evaporate carefully to one-third of the initial volume. This 
‘ Ps, is the ether extract used for the indicator test in — V of the scheme. The extracted aqueous 
_ Solution is retained for subsequent tests. 
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_ COMPOSITE procedures designed to improve the efficiency of the analysis of steels have been in- — ; 
at_ 9} vestigated in this laboratory, and an absorptiometric method for chromium and manganese has — aaa 


A COMPOSITE SPECTROPHOTOMETRIC METHOD FOR DETERMINING MOLYBDENUM, 
VANADIUM AND TITANIUM IN LOW-ALLOY STEELS 
: 


been reported. Since for such purposes refinements are necessary in the application of absorptio-— 
re meters, it has subsequently been decided that the use of simple and relatively inexpensive spectro-— et 
photometers i is to be preferred. Note describes the use of a Unicam SP600 spectrophotometer 
of A for the simultaneous determination of molybdenum, vanadium and titanium in low -alloy steels. te 
- 4 It is desirable, for simplicity, to use a a reagent that reacts with all | the ‘elements under con- 
sideration, and the initial choice was between catechol? and hydrogen peroxide: was considered | 
. & _ that a procedure involving catechol was unlikely to be simple, as the reagent has a colour, which Pe a a 
r . 5 must be considered in the mathematical evaluation, and also reacts with iron, manganese and ee 


: k aluminium. Hydrogen peroxide, on the other hand, is colourless and, of the commonly Gcestring 
alloying elements, only reacts with sexavalent chromium. It has been shown?-4 that the coloured 
a | i ions formed by molybdenum, vanadium and titanium with hydrogen peroxide are stable in the “4 
i « _ presence of each other, the total optical density of a solution containing all three ions being the ‘ 

*, reg arithmetical sum of the individual optical densities, provided that the individual solutions contain — 
a only molybdenum, vanadium or titanium and the reagents necessary for colour formation. It was 


that with little modification this could be Geveloped to fulfil our requirements. 

using solutions of ammonium molybdate, ammonium vanadate and potassium titanyl 
Weissler’ s general « conclusions* 4 were confirmed. With the instrument available, n measure- 

- ments could not be made below 350 m ao. so that this 1 wavelength was initially used in the determina- _ 

- tion of molybdenum, although the maximum absorption of this element is at a shorter wavelength; 
_ a small loss in sensitivity was therefore incurred. Since it was intended that the final oaitedene a : 
- should be carried out by staff who are not highly skilled, it was considered desirable to avoid the use Po 
_ of perchloric acid if possible; the use of nitric acid as the necessary oxidising medium for colour — ae 
formation was therefore investigated and found to be entirely satisfactory, Ny 
Measurements were then made on solutions containing ferric nitrate in addition to molyb- © 
denum, vanadium and titanium, a ferric nitrate solution of the same concentration as the test 
solution being used as blank. ” ‘The absorption of the blank solution at shorter wav elengths was 
found to be so great that the spectrophotometer slit could not be opened sufficiently to to permit a 
balance to be found, but this absorption w was Teduced by adding orthophosphoric acid, which 
allowed measurements to be made at 380 my and above. It was therefore necessary to determine 
molybdenum at 380 mu, and all subsequent measurements were made at 380, 410 and 460 mp. 
Tests showed that changes in the concentrations of nitric and orthophosphoric acids had es 
"negligible effect on the absorptions of the three elements under consideration; this suggested a bs 
dissolution procedure that could be used for calibration purposes and for the samples under test. ei ee. . 
7 * _ Three separate series of solutions were prepared to cover the ranges 0-3 to 1:5 per cent. of ee 


molybdenum, 0-25 to 1-0 per cent. of vanadium and 0-025 to 0-10 per cent. of titanium. Each > 
: solution contained 1 g of pure iron dissolved in 20 ml of nitric acid, SP.gr. 1-20, to which were © 
} added 3 ml of orthophosphoric acid, sp.gr. 1-74 . The molybdenum series was prepared by eon 


0, 3, 6, 9, 12 and 15-ml portions of a solution containing 1 mg of molybdenum per ml, and the = is 
_ vanadium and titanium series were prepared by adding ( 0, 2-5, 5, 7-5 and 10-ml portions of solutions im i 
containing 1 mg of vanadium or 0-1 n mg of titanium per ml. Each solution was diluted to 50 ml, ae 
from which two 20-ml aliquots were withdrawn. To one aliquot was added 1 ml of isco = os 
: hydrogen peroxide, 1 ml of water being added to the other. _ The optical density of each solution af 
, was then measured against its corresponding blank in 1-cm cells at 380, 410 and 460 mz. > Optical ; 
4 


density - concentration graphs were then plotted for each metal at each wavelength and the fo: 0a 
concentration, = 1-334 Pawo — 2-872 Pus + 2 -267 Dos He 


of the corresponding nine linear equations were evaluated. — From these were calculated ie a4 


— 
— 
— 
— 
al. 
| 
les 
a 
the 
= 
to 
om 
apy 
ing 
oo 
line 
ions 
ions — 
ree 
This x 
Wi 
1959 Titanium concentration, % = 0-908 — 0°622 Dye 


ie “where Dis, Duo and Dygo are the optical densities at 380, 410 and 460 m rm a of a solution co containing 
> uth Chromium ed at be the only element t likely to intersere, since, in the sexavalent state, 
it forms an intense blue colour with hydrogen peroxide. _ Although the peak absorption of this 
colour is not in the range 380 to 460 my, its absorption band is wide and there is considerable 
_ background absorption in this range. Since (a) the amount of chromium to be tolerated is high, 
i.e., about 3 per cent. of the steel content, and (b) the compensating blank solution would not allow 
for the background effect and would lead to high readings, it is essential that chromium be reduced 
to a valency state in which it does not interfere. The proposed dissolution procedure maintains 
_ chromium in its lower oxidation state. In this condition it does not interfere, as was confirmed by 
3 ee on a range of synthetic solutions containing different amounts of chromium. 


E between: results obtained by th the beat procedure and th the certified v: values ¢ of the samples ace. 
= Band-width ‘restrictions « cannot be quoted, since the spectrophotometer rer used was not fitted with — 


= Dissolve 1 g of the. steel sample i in 20 ml of nitric acid, ‘sp. gr. 1-20, and, all 
_ ceased, add 3 ml of orthophosphoric acid, sp.gr. 1-74. Evaporate to a small volume, cool, and add - 
Pah... mi of nitric acid, sp.gr. 1-20, and 3 ml of orthophosphoric acid, sp.gr. 1-74. Repeat if necessary — 

“ fl to dissolve the carbides. Add 20-volume hydrogen peroxide dropwise to reduce any manganese — 
¢ : _ that may have been oxidised, and boil to destroy excess of the reagent. Filter through a Whatman 

ad _ No. 641 filter-paper to remove undissolved silica, cool the filtrate, and dilute to 50 ml. — Withdraw 
Bs elt ‘two 20-ml aliquots. To one aliquot (the blank) add 1 ml of water, and to the other add 1 ml of © x 
20-volume hydrogen peroxide. Measure the optical densities of the coloured solution against a 


; Re = in 1-cm cells at 460, 410 and 380 my with a suitable spectrophotometer. Determine the 
percentages of vanadium, and molybdenum in the sample by one bend 


V3 


5% Metal 


The percentages | of molybdenum, titanium: and ‘vanadium 1 may be calculated by direct 
_ stitution of the measured optical densities in the equations on p. 393. _ However, as this is a some- 
"i what tiresome practice, two simplifications have been evolved and tested. eg eth ey 
‘The first was simply the graphical representation of the nine terms relating optical density 
5; and the product of this and the appropriate constant included in the three equations. . Forexample, 
; for the ante 1-334 Paw a line of gradient 1-334 was drawn, and, when any given optical density 
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at £460 m mp was read as abscissa, sa, the correspondi ecetinnte’ was the required product. 

the arithmetic was reduced to simple addition and subtraction. = 

__ The second simplification was the construction of a slide rule, : see Fig. 1, with which t to perform 
the operations of addition and subtraction. The rule has a slide, a cursor and ten linear scales. 
Nine of these scales are graduated in optical-density units and have lengths proportional to the | 


respective constants in the previously derived F equations; the tenth scale gives the lahat of 


_ Results by the proposed method on the British Chemical Standard range of low-alloy steels, 
to which additions of titanium had been made, are shown i in Table I; on sreniyamnn sie and accuracy ae 
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if of the | 
ark The e method i is simple, , and ; a single sample can be analysed i in less than 30 minutes. It is not 
: — that the procedure is suitable when the highest order of accuracy is required, since any | 
s . error that exists or is incurred may clearly have a larger effect on the values of the results for a 
cat — in which optical-density differences are used than on a method in which ae one ¢ element is 
“We thank the drawing office of this establishment for ee the ‘slide rule, and ‘the be 
imiralty for permission to publish this Note. | 
V., Chem. "1955, 49, 854; Chem. “Abstr, 1955, zo! 
3. Weissler, Chem. » Anal. Ed., 1945, 17,695. The 
First received March 20th, 1958 


mended, 


It recently became necessary to determine the relative amounts of ethyl methyl ketone and ethyl 


cetate in a mixture of the two used as the : solvent base for a liquid rubber. _ The conventional a 
_method of accomplishing this, after separation by dis distillation, is (a) to hydrolyse the ethyl acetate | 
_by heating under reflux with a known amount of sodium hydroxide solution, the excess of which 
“ is subsequently determined by titration with a standard acid, and (b) to form the oxime of the 
a, _ ketone by reaction with hydroxylamine hydrochloride, the equivalent amount of hydrochloric | 
acid liberated in this reaction being titrated potentiometrically with standard alkali. As these | 
procedures are somewhat time-consuming, it was decided to investigate the possibility of utilising 
poe % the well known ultra-violet absorptions of the two liquids, 
0 ‘The extinction coefficients of both ethyl methyl ketone and ethyl acetate over a wide range of 
t wavelengths are sufficiently high to prohibit spectrophotometric measurements of the pure liquids. 
ot was therefore necessary to find a non-absorbing miscible liquid for dilution purposes. Of the 
eax several common organic liquids tried, cyclohexane was found to be suitable and was used to prepare 
ae a mixtures of each of the two liquids under consideration. _ The optical densities of these mixtures 
air _ were measured between 220 and 350 my with a Unicam SP500 spectrophotometer. Ethyl =i 
Te ketone exhibited a maximum absorption at 280 my with a molecular extinction coefficient of 17-2 
- and ethyl acetate showed an absorption of extinction coefficient 49-1 at 220 my. The maximum 
_ absorption of ethyl acetate is several millimicrons below 220 my, but the absorption of cyclohexane 
in this region renders 220 mp the shortest wavelength at which measurements are practicable. | 
Ethyl acetate did not absorb at 280 my, and the molecular extinction coefficient of ethyl methyl} 
_ Measurements on solutions the concentrations of which separately covered the ranges 0 to 5 ml 4 
org 


re ‘obeyed Beer’s law in these ranges, which wes chosen to cover an ethyl acetate concentration in the 3 195 
rubber solvent of 30 per cent. vivo or ‘less. By measuring the optical densities ies of solutions c contain- 


that all optical- density © values were additive for ential containing mixtures of the two oa 
_ pounds. The values chosen were 0, 1, 2, 3, 4, and 5 ml of ethyl methyl ketone per litre and 0, 
: cor, 3, 0-6, 0-9, 1-2 and 1-5 ml of ethyl acetate per litre; a total of ee tee, solutions. The measure- 


density ‘at 220 mp (1-em = 0-506 0-009 C, ty 
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PROCEDURE 


ae By pipette, place a 2-ml aliquot of the distillate from the liquid rubber i ina 20- ml calibrated 
flask, and dilute to the mark with cyclohexane. Mix thoroughly, and, by graduated 
ransfer a 2-5-ml aliquot | of the solution to a 50-m 1 calibrated | flask. _ Dilute to the matk with 


5 cyclohexane. Mix thoroughly, and measure the optical densities of this solution in 1-cm quartz 
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cells at at 280 and 220 mp with a suitable ultra-violet spectrophotometer. ‘Use cyclohexane as blank. 
_ Relate t > th measurements to the concentrations of ethyl methyl ketone and ethyl acetate by a : 


"parison on with calibration measurements made on solutions of the pure 


‘The proposed method was compared with the conventional chemical of 
- distillate from the liquid rubber under investigation being used. ‘The spectrophotometric values — 
were substituted in equations (1) and (2), _ and the results are shown in Table I. . Agreement is 


or less. The samples for which the method was developed contained 30 per cent. or less of ethyl Co 
acetate, but it is ag 0 sec that, should t the 1 necessity arise, , this figure could be extended to 100 


rapid than the conventional method, since, after distillation of the liquid rubber sample, a combined 
determination can be completed in 5 minutes. 


4 RESULTS BY SPECTROPHOTOMETRIC ND CHEMICAL METHODS 
Solvent determination Solvent found deviation, 


Note is published by -permi of the Admiralty. 
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xe e-Cream (Heat Treatment, etc.) Regulations, 1959. Price 3d. 


These Regulations, which came into operation on April 27th consolidate and amend 


 1959—No. 831.’ The Arsenic in Food Regulations, 1959. Price 


for the ¢ content of foods and beverages. 
aha Milk and Dai Dairies (General) 1959 


and Food and the M inister Health for the milk tankers, vessels ov appliances as an 
alternative to scalding with boiling water or steam, in accordance with Regulation 27 (6) (a) of the Milk and 
Dairies 1959 ost have already be been } approved under the Mull uk and Regulations, 
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300K | REVIEWS 


CHROMATOGRAPHY 1958. Edited by D. H. Desty. Pp. xiv 4+ 383 383. London: Butterworths: 
of it. Scientific Publications; New York: Academic Press Inc. 1958. ” Price 70s.; $12.00. 


This book presents a readable account a the proceedings of ‘the second symposium 


By by the Gas Chromatography Discussion Group under the auspices of the Hydrocarbon Research 
Group of the Institute of Petroleum and the Koninklijke Nederlandse Chemische Vereniging held | 7 
_ th Royal Tropical Institute, Amsterdam, 19th to 23rd May, 1958. Almost all the papers in it 
e were read at the Symposium, and the subject matter is divided, ‘conveniently, into three sep _ 

‘The first the chromatography. “There are papers: the 
a ie ee - attainment of high column efficiencies and the use of columns containing x wetted glass beads and of 
Es coated capillaries. The theoretical considerations on the separation of highly radioactive gases 
1 are dealt w vith, and { further papers describe such subjects as sorption isotherms and sorption columns, 

diffusion processeses in gas chromatography, symmetrical elution curves and the determination of 
activity coefficients by gas - liquid chromatographic procedures. The treatment in this section is 
- often highly mathematical, but the non-mathematical reader need not be too perturbed. . He will 
z = — find that one of the most useful features of of the book i is the full description of the various discussions, 

od and in reading these discussions he 1 will note the reactions of many practically-minded men men to the 

_ theoretical implications of the papers in this section. 

_ survey by Dr. Martin on recent trends and developments. Flame ionisation, emissivity, hydrogen 
flame, argon, katharometer and thermal conductivity detectors are all described. _ There are 
useful papers dealing with the practical construction of high-efficiency columns, multiple columns 

and programmed column heating, base-line control and stationary phases. This section will be 

of great interest to all those analysts who are seeking to improve the efficiency of the columns they 

use and the sensitivity of the detectors they are concerned with. chile On, Be 


-scale” gas are described, and there are some e interesting papers c on 
such subjects as the analysis of essential oils, the separation of amino acid derivatives, the evalua- 
o- of sugars as stationary phases for the separation of phenols and the application of high- 

- temperature work in the petroleum industry. Dr. A. T. James has contributed a useful summing 
_ up of the Symposium, and recommendations are made about the nomenclature and the presentation 
of gas - liquid chromatographic retention data. SY 

_ «Literature references are given at the end of each paper, and the presentation of this mass of _ 
data in such an excellent and readable form reflects great credit on the editor, D. H. Desty. All 
_ those analysts in whatever field who believe that gas-chromatographic procedures can help them 
in their work will find this book invaluable. _ They will realise in reading it ; that the the theoretical 

. ee governing the choice and method of ‘packing of their columns are of primary 
B----9 _ They will probably feel the urge to insist that new and better detecting systems are 
_ developed. Moreover, in becoming acquainted with the many different types of analysis now 
- carried out by gas-chromatographic tests they will, I feel sure, also become increasingly aware that 
this method in due course will become much more quantitative in character as new developments 

_ proceed. As a result of all this, many of the older methods of separation in current use will have 
to take second [place. This book can n be heartily recommended to ‘‘gas chromatographers”’ wherever 


PRACTICAL CLINICAL BIOCHEMISTRY. HaROLD VaRLEY, M.Sc., F.R.I.C. Second Edition. 
viii + 635. London: William Heinemann Medical Books Ltd. 1958. Price 42s. 


od  ~ first edition of this book appeared in 1954. It was so far ahead of any other book on the 


occurred. It is fairly safe to say that pr. any ‘method that a chemist in a clinical 
will be called upon to perform has been described fullyin this volume. 
it The first part of the book deals with some extremely practical details about the collection and 

fa keeping of biological specimens before analysis. Colorimetry and spectrophotometry are discussed 

<2 in a cursory fashion, but the control of accuracy is given more “Prominence. _ The next 50 pages 
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for blood glucose determinations are 
given, also glucose tolerance tests, the detection of sugar in urine and ketosis and its significance 


in diabetic coma. Blood and urine tests for kidney function and disease are fully described, and _ 
then come tests for gastric, liver and pancreatic function. The various inorganic substances and 
acid - base balance are next dealt with, and then oxygen capacity and haemoglobin determinations. 


i drugs and poisons, ‘and ‘appendixes; containing useful information on indicators, buffer solutions, etc 
= ie. The new matter i in this volume is most omni The chapter on hormones has been completely 


assessment of adrenocortical function are well described, including 17-ketogenic and 17- -hydroxy- 
corticosteroids and the dihydroxyacetones. — _ In the chapter on non-protein nitrogen are described | 
the newer uricase method for uric acid, chromatography of amino acids, 5- 


another edition will contain a chapter on enzyme analysis, a technique that will be increasingly — i 
used in the future. The chapter on plasma proteins has been much extended and gives an 
excellent description of electrophoretic technique. Several methods for cholesterol d 
are given, including the recently popular method in which ferric chloride and sulphuric acid are 
used. (It is the reviewer’s opinion that the time is ripe for much greater precision in the determina-_ 
tion of cholesterol levels; the methods based on the various modifications of the Liebermann 
— reaction arenolongersatisfactory.) 
‘Many of the newer “function” tests are described, including methods for tubeless gastric ea ae 
analysis and the sweat test for fibrocytic disease of the pancreas and protein-bound iodine for 


thyroid functions. The section on n drugs and poisons is useful for general purposes, but insufficiently — 


a Pr. The book shows.a a wealth of ' knowledge relating to clinical interpretation of results, is clearly 


(8 a 16 de Setembro de 1956). Volume I. Pp. 1028. Lisbon: General 
of the XVth International Congress of Pure and Applied Chemistry, Instituto Superior 

Technico. 1957. Price, together with volumes II and III, 320Escudos. 
‘This is the first of three volumes to be published of the Proceedings of the Lisbon Conference. oe 
_ It contains 111 communications of which 49 were delivered to the section on Microchemical Methods © 
and 62 to that on Electrical Methods. Eighty-four papers do not appear to have been published — rn 
elsewhere, of which nine appear in summary only. Inevitably the quality of the communications 

‘is variable, . but the volume contains many useful contributions to ) analytical chemistry. A full fs, 
ist of contents is published in Analytical Abstracts (1959, 6, 1175). 

_ The publication has been delayed owing to the tragic death in a motor accident of the Secretary- . 


SYMPOSIUM ON SPECTROCHEMICAL ANALYSIS zon. ELements. Papers presented at the 
e _ Sixtieth Annual Meeting of the American Society for Testing Materials, Atlantic City, | 
June 18th, 1957. Pp. vi+ 79, Philadelphia, Pa.: 


7 Much of the early spectrochemical wil on the determination of elements at trace ‘inline was 
carried out on samples of an agricultural, geological or biological nature. Recent developments *) 

. have extended interest in contents around the part per million level to ) other fie fields, including semi- _ << 
F conductors and atomic energy. In consequence, the complexity of the s : samples to be examined has + a 
| increased, and no one method can be expected to cover all elements or all materials. The = 
- reprinted in this publication were presented at a Symposium of the 1957 Annual Meeting of . 


_ The first contribution, by V. A. Fassel, W. A. Gordon and R. w. Tabeling, ¢ snathins ian 
determination by emission methods of oxygen in metals, down to 20 p. p. m. in steel and toa some- 
what higher level in titanium and lanthanum. — Excitation i is by direct-current arc discharge i in an 
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> ee in , motala, taking 100 p. Pp. m. as the upper limit for trace elements in metals. tT Ta are presented 
Pons showing t the limits of direct determination of many trace elements in different metallic bases. Be a 

an is also a brief discussion of various methods of chemical ae and concentration. — Both 


contributions deal with applications to -atomic-energy problems. wie” Brae? 


go M. Morris and F. X. Pink deal with the determination of trace elements in germanium — 
silicon, discussing the methods of separation required to remove the major constituents before 
excitation in a graphite spark source. In semi-conductors, interest in such elements as boron, 

_ aluminium, phosphorus, antimony and arsenic extends to the parts per thousand million level and 
analytical curves, with molybdenum as internal standard, are shown for these elements. = = 
aa eo 7 From the Harvard Medical School, B. L. Vallee reports good results from methods with porous- 
sa _ cup excitation. He presents results from various fractions of livers and other biological materials, 
ne. ae the significance of the distribution in the study of enzyme activity. - Some methods 
ay applicable to soils and plants are described by W. G. Schrenk of the Kansas Agricultural Experi- 
ment Station, and K. J. Murata of the U.S. Geological Survey deals with trace elements in geological 
"materials, In both instances, direct-current, arc excitation is 


: a detail presented ; this detracts somewhat from the value of the publication, which is 
_ rather expensive for its size. One wonders whether it would not be better if such papers were 
made available through the normal channels of journal publication. R.L. MITCHELL 
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